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FOREWORD 
The economics of respurce conservation is a complex 
problem. It not only involves relationships in production 
and consumption at a given point in time and within a 
single generation but also between generations over time. 
Many problems in the economics of conservation can be 
solved through empirical research. However, those deci-
sions which must be made between generations and over 
long time periods must be based on the fundamentals of 
economic logic. Too, many of the less complex problems 
which may lend themselves to empirical solution cannot 
be treated effectively until a sound set of fundamental 
principles and hence an appropriate analytical framework 
has. been developed. For these reasons, the authors were 
requested by the North Central Farm Management Re-
search Committee to prepare a pUblication dealing with the 
fundamentals of conservation economics. This bulletin 
represents a development of fundamental economic prin-
ciples as it applies to resource conservation generally and 
soil conservation specifically. It is not designed as a popu-
lar publication but as a technical manuscript for use and 
as an aid in research by agricultural economists, agrono-
mists, conservation personnel, and any other advanced sci-
entists who are concerned with problems in conservation 
to an extent that knowledge of the basic economics of 
conservation is fundamental. The study is an advanced 
analysis. Readers who are interested in acquiring basic 
knowledge in conservation economics but have little pre-
vious background may wish to review the references cited. 
The study is not a complete statement of conservation 
economics. It does not treat conservation in a complete 
multiple-period fashion. Uncertainty and anticipations are 
touched upon only briefly. However, the important rela-
tionships in the economics of production and consumption 
have been adapted to conservation in a manner to indicate 
efficiency in choice between conservation and alternatives. 
w. G. MURRAY 
Head, Department of 
Economics and StJciology 
SUMMARY 
The first part of this study is concerned with the appli-
cation of principles of production economics to practical 
problems of soil conservation. The second part is devoted 
to the further development of the basic theory of economics 
of resource conservation. 
In the analysis of many applied problems, it is helpful to 
deal with soil conservation in terms of a single industry 
which can draw certain inputs from the outside. 
In this isolated industry case, conservation has a special 
meaning separate from the concept of competition in pro-
duction between time periods. In this applied aspect it 
may be defined as prevention of diminut,ion in future pro-
duction on a given area of soil and from a given input of 
labor and capital (apart from the conservation resource 
input, and with the technique of production otherwise con-
stant). In other words the economic problem is one of 
retaining a given production function over time. 
Society is confronted with two important problems with 
respect to the allocation of resources for soil conservation: 
(1) What total quantity of resources should be devoted to 
this end? (2) How can maximum efficiency be attained in 
the use of given funds? Attention in this study is devoted 
primarily to the second question. 
The first essential in planning a public soil conservation 
program is the establishment of an economic definition of 
soil conservation which will permit a distinction to be drawn 
between true conservation outlays and mere production 
outlays. The definition presented above permits this dis-
tinction to be made. Without some such criterion there is 
no limit to the short-run production practices in which 
public funds might be invested. 
It is a necessary condition for attainment of maximum 
conservation from limited funds that such funds be in fact 
used for conservation practices. Funds should also be allo-
cated between soil types on the basis of equating the mar-
ginal productivities of such outlays in the relevant future 
time period. 
In the same manner, marginal productivity should guide 
the application of funds between practices on a given soil 
type, if the greatest degree of conservation is to be attained 
per dollar invested. 
If limited conservation funds are to be used in a way that 
will return the maximum amount of conservation, a distinc-
tion should be drawn between those practices which are not 
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profitable to the individual farmer and would not be carried 
out in the absence of subsidy, and those which are profitable 
and would be carried out even in the absence of subsidy. 
Economic criteria do not justify subsidization of private 
production where returns to the individual and to society 
do not diverge. 
Socially desirable erosion control practices may be un-
profitable to the individual for a variety of reasons. Some 
of the more important of these are (1) provisions in leasing 
arrangements; (2) capital limitations,; (3) general eco-
nomic instability; (4) situations in which benefits are 
realized in one locality from'investments made in another; 
(5) length of time period between outlay for conservation 
and realization of returns. The desirability of using public 
subsidies to overcome these obstacles depends upon nature 
of the obstacle. 
The manner in which public subsidy' payments are made 
should be governed by the characteristics of each individual 
practice. When public subsidy is used for practices that 
are uneconomic to the individual, the form of payment 
should conform to the annual cost of the practice if the 
installation is to be maintained. Conservation practices 
that are profitable to the farmer but not as profitable as 
other nonconservation outlays, might be encouraged by the 
offering of loans that were definitely earmarked for expen-
diture on that practice. Other situations call for other vari-
ations in the public inducements that should be offered. 
The present analysis is primarily focused upon the effi-
ciency of using given funds for soil conservation. The 
question of the total quantity of resources that should be 
allocated to conservation is very briefly touched upon. Obvi-
ously, resources should be invested in conservation only as 
long as the marginal productivity of such outlays is not less 
than from competitive uses for these same resources. 
Conservation and development can be used as substitutes 
in providing future food and fiber needs. The two should 
be so developed as to equate the marginal productivity of 
investment in each. 
Because future food and fiber needs are to a considerable 
extent uncertain, society must provide for intertemporal 
flexibility in use of soil resources. The important economic 
problem is to carry a range of flexibility at least cost. This 
involves the consideration of alternative present uses that 
will provide given resource reserves for some futUre period. 
Conservation economics, like other phases of production 
economics, deals with the problem of choice between alter-
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native uses for scarce commodities. The distinguishing 
characteristic of conservation economics is that the per-
tinent alternatives exist between present and future use of 
resources. 
Resources may be classified into two basic categories 
depending upon whether or not there is a joint relationship 
between the resource services that become available in dif-
ferent time periods. These classes may be called flow and 
stock resources. 
Flow resources provide services which become available 
over time in fixed proportions. The productive services 
available from these resources in one time period cannot be 
substituted for services that become available in another. 
Examples. include rainfall, sunshine, power from streams 
or wind, and scenery. 
Flow resources can be subdivided into two classes: (1) 
Those which produce nonstorable services, and those yield-
ing services which can be stored. 
N onstorable flow -services are produced in fixed propor-
tions over time and this is the only combination in which 
they can be used. Storable flow resource services may be 
used as they become available, or all. or part of the flow 
available in one period may be stored for use in a later one. 
The second pure category includes those resource services 
that arise from exhaustible stock resources. With these, 
sacrificing the use of the resource in one period increases 
the quantity available in another, and vice versa. Examples 
include coal, petroleum and some soil mineral d~posits. 
. The economic problem of allocating the use of consump-
tion commodities between time periods may be analyzed in 
the same way as for resource services. For nonstorable 
commodities, the nature of the basic resource (nonstorable 
flow, storable flow, stock) determines the possibilities of 
allocating use of the commodity between time periods. For 
commodities that are storable, possible intertemporal use 
combinations are increased since they may be choice, both 
in allocation over time of the resource itself and of the 
commodity produced from it. 
With respect to intertemporal consumption relationships, 
many expositions on conservation assume that the present 
value of goods available in a future period is determined by 
discounting the future value at some constant rate. It is 
more realistic to assume that future goods substitute for 
present ones at diminishing marginal rates. This hypothesis 
can be expressed by conventional indifference curves. The 
slope of the intertemporal indifference curve will depend 
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upon the relative values which present individuals attach to 
their own consumption in different periods and the values 
which present individuals attach to consumption by indi-
viduals, of future generations. 
The rate of resource use which maximizes intertemporal 
welfare can be ascertained if intertemporal production and 
consumption relationships are known. At the optimum rate 
of utilization of a resource over time the marginal rate of 
substitution (between time periods) in production of com-
modities will be equal to the marginal rate at which substi-
tution between time periods in consumption of the com-
modities gives equal utility. The range of possibilities that 
will satisfy this condition depends upon the nature of the 
resource. 
With stock-derived products, any combination of inter-
temporal uses would be possible, from utilization of the 
entire stock in the present to the saving of the entire stock 
for a future period or any combination between these two 
extremes. 
With flow-derived products where neither the resource 
service nor the commodity can be stored, only one possibility 
exists for the maximization of intertemporal welfare. These 
products' must be consumed in exactly the proportion in 
which they are forthcoming. With resources and commodi-
ties of this kind, the only economic question is one of equat-
ing marginal cost of producing the commodity (in terms of 
'working capital and labor) with marginal returns from use 
of the service. 
With respect to flow-derived products where either the 
resource or the commodity may be stored, the optimum 
intertemporal rate of use will depend upon whether or not 
future goods are discounted in relation to the present. If 
the future is discounted by any amount, products and 
resources should be used as they are forthcoming if welfare 
is to be maximized. In order for future consumption to be 
increased at the expense of the present, the individual or 
society must place a premium on future over present con-
sumption. 
Some commodities embody both flow and stock resource 
services, but this influences optimum intertemporal rate of 
use of the commodity only if both categories of resource 
service are limited in quantity. 
The level of resource use which will maximize welfare 
over time varies with changes in the intertemporal rates, of 
substitution of goods in consumption and of goods in pro-
duction. Major forces that may alter consumption substi-
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tution rates include changes in population and changes in 
tastes of a given population. 
Changes in the intertemporal rate at which goods in 
production substitute are brought about mainly by im-
proved techniques. New techniques may increase, decrease 
or leave unchanged the rates at which resources should be 
conserved between time periods. 
The extent to which flow resource services should be 
substituted for stock resource services in current periods 
in order to conserve the latter is an important economic 
problem in use of agricultural resources. 
When the production of a commodity which is derived 
from flow resources is added to the production of the same 
commodity derived from stock resources, the intertemporal 
rate of utilization that will maximize welfare is the sum of 
the rates of consumption for flow-derived and stock-derived 
products considered separately unless consumers' intertem-
poral preferences change with increased quantity. But the 
problem of optimum rate of use of the total supply of a 
commodity that can be derived from stock and flow re-
sources is of significance only if it is assumed that these 
resources, rather than labor and working capital, are the 
limiting factors in production. If, however, labor and work-
ing capital are limited, a problem arises as to the substitu-
tion of flow and stock resources. This is not a problem of 
the timing of production, but simply one of the allocation 
of a given supply of labar and working capital between pro-
duction of stoc;:k-derived and flow-derived products in any 
single period. The solution lies in equating the marginal 
productivities of labor and working capital applied to the 
two classes of resources. 
Existing economic tools 'are inadequate to permit conclu-
sions to be drawn with respect to the rate of use of resources 
that will maximize welfare between generations. It is not 
possible to compare the utility received by one generation 
from consumption of a commodity with the utility values 
of some future generation. Existing economic reasoning 
can only state that the optimum level of conservation 
between generations is what each succeeding generation 
thinks it to be. 
Interpersonal utility comparisons between individuals at 
a given point of time likewise cannot be made directly, but 
within a generation an optimum allocation of consumption 
over time can be formulated if objective means exist where-
by each individual can express his relative values. These 
means might include the price mechanism and the ballot 
system. 
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Within a generation, at least two important conditions 
must be attained in order to maximize intertemporal wel~ 
fare. (1) Marginal rates of intertemporal substitution of 
consumption goods must be equal for every pair of indi-
viduals. (2) The marginal rate of intertemporal substitu-
tion of production goods must be equal between every pair 
of resource services. In order for a society to determine 
and attain an optimum level of conservation it must inven-
tory its resources and expected needs, convey this informa~ 
tion to each member of the society and devise appropriate 
machinery whereby individuals are permitted and encour-
aged to act according to their own intertemporal values. 
Principles of Conservation Economics 
and Policyl 
By EARL O. HEADY' and O. J. ScoVILLE" 
The central economic problem of conservation is the allo-
cation of limited resources over a span of time in such a 
way as to maximize welfare over the same period. This is 
the core of the problem both for the individual producer and 
for a society. The pertinent time-period, and the extent 
to which the future is discounted over the present, varies 
between individuals, between societie.s, and between individ-
uals and society. For society, this. problem of welfare 
maximization over time involves a further question as to 
proper distribution of goods and services between indi-
viduals. 
Previous investigations have made important contribu-
tions to economic analysis of the problem, although they 
have not been complete in terms of existing tools of analysis. 
L. C. Gray stated the central problem of conservation in 
terms of conflict between present and future wants, and 
discussed the general problem of arriving at a proper dis-
count on the future with respect to utilization of various 
classes of resources.' Ely et al. explored the distributive 
aspects of conservation as a social problem, particularly 
within the framework of property relationships." Hammar 
partially developed one aspect of the conservation problem 
dealing with the substitution of renewable for exhaustible 
resources." Schickele made a useful distinction between 
the reversible process of fertility depletion and irreversible 
soil deterioration; Bunce has explored many detailed 
aspects of the entrepreneurial problems of conservation, 
particularly with respect to the time, and the level, at which 
conservation becomes economic to the individual farmer." 
1The authors are indebted to the seminar on economic efficiency sponsored by the 
University of Chicago and the Social Science Research Council. A large portion of 
. the analysis was developed and evaluated during the seminar sessions. 
'Professor, Department of Economics and Sociology, Iowa State College. 
"Agricultural Economist, Bureau of Agricultural Economies, U. S. Department of 
Agriculture. 
'Gray, L. C. Economic possibilities of conservation. Quarterly Jour. Econ. 21 :497-
519. 1913. 
GEly, Richard T .• Ralph H. He •• , Charles K. Leith and Thomas Nixon Carver. The 
foundations of national prosperity. pp. 378. Macmillan, New York. 1913. 
"Hammar. C. H. Economic aspects of conservation. Jour. Land and Public UtilitY 
Econ. 7:282-290. 1931. 
'Schickele. Rainer. Economics of agricultural land use adjustments. I. Methodology 
in soil conservation and agricultural adjustment research. Iowa Agr. Exp. Sta. Res. 
Bu\. 200. 1937. 
sBunce, A. C. The economics of soil conservation. pp. 227. Iowa State ColI. Press. 
Ames. 1942. 
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Other investigations also have made important contribu-
tions." 
The purpose of the present study is to analyze some fun-
damental economic and policy elements of resource conser-
vation, and to refine and extend the general frame of 
analysis and point out some limitations in existing ana-
lytical tools. The investigation is in terms of basic eco-
nomic logic. It is hoped that some of the questions and 
limitations posed will give rise to analyses more adequate 
than the current one. 
This study comprises two quite distinct sections. The first 
is devoted to applied aspects of soil conservation economics. 
Conservation is viewed here in a restricted sense, as the 
problem of conserving one resource (soil) by the application 
of various other resources. It is assumed for this purpose, 
that, while the added costs of these conservation inputs 
must be taken into account, conservation aspects of the use 
of these other resource inputs need not be considered. How-
ever, the method of analysis used here could in turn be 
applied to each of these conserving inputs. The method of 
economic analysis applied to soil conservation would also 
yield, for example, an economics of phosphate conservation 
or of labor conservation. 
The concept of the soil conservation problem here does 
not differ from that usually employed, with the exception 
of more rigorous definition. The analysis is in terms of 
usual production economics principles. 
The second part of the study is an exploration of the gen-
eral theory of conservation economics. The unique aspect 
of the economic problem of conservation is stated in terms 
of competing choices in production and consumption be-
tween time periods. This distinguishes it from other mono-
period resource allocation problems of production eco-
nomics. 
From the standpoint of logical order, these sections might 
well have been reversed." General principles discussed in 
·See especially: 
Wilcox. W. W. Economic aspects of soil consel"Vation. Jour. Political Econ. 411: 
702-713. 1938. 
Hotelllng. H. The economics of exhaustible resources. Jour. Political Econ. 39: 
137-175. 1931. 
Lange. G. A neglected point in soil conservation. Jour. Farm Econ. 23:467-474. 
1941. 
Bunce. A. C. Time-preference and conservation. Jour. Farm Econ. 22:533-543. 
1940. 
Cirlacy-Wantrup. S. von. Economic aspects of land conservation. Jour. Farm 
Econ. 20 :462-473. 1938. 
---. Private enterprise and conservation. Jour. Farm Econ. 24:75-96. 1942. 
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the second part should contribute to a better understanding 
of the problems dealt with in the first. However, there 
appeared to be greater advantages in beginning with the 
simpler discussion of everyday soil conservation problems 
and progressing to the more general, abstract and less well 
understood aspects of conservation economics. 
SOME APPLIED ASPECTS OF CONSERVATION 
ECONOMICS 
Current policies and semi-popular and scientific liter-
ature segregate soil conservation as a special case. In 
popular treatment, a single industry (which can draw cer-
tain inputs from the outside) is considered in isolation. 
In this section soil conservation will be treated in this set-
ting in order to refine the concept of soil conservation and 
its economic and policy implications. 
PUBLIC CONSERVATION PROGRAMS 
Soil conservation has been an important element of the 
nation's agricultural policy over the past two decades. 
Apparently society chooses to continue investing resources 
in this alternative. Two important economic problems 
relate to public conservation programs: (1) What over-all 
level of conservation is optimum and hence what total quan-
tity of resources should society invest here? (2) How 
should given funds (once appropriated for soil conserva-
tion) be allocated if maximum efficiency is to be guaran-
teed? The two aspects are not entirely separate. The 
optimum total quantity of funds for conservation is partly 
a function of efficiency in use of given funds. However, 
the analysis which follows focuses on the second problem 
specified above. The purpose is mainly one of outlining 
principles which should serve as a basis for allocating funds 
once these have been earmarked for conservation.'· The 
conformation of certain aspects of current conservation 
.programs to these criteria is also examined. The optimum 
over-all level of conservation investment (relative to gen-
eral resource use and specific soil development) is analyzed 
later. 
Society uses two principal methods in dealing with the 
soil conservation problem, technical assistance and financial 
lOThis study is confined to principles of economic efficiency. Of course. objectives 
other than economics alone also enter Into the formulation of public programs, and 
properly so. 
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aid. Somewhat different philosophies might be visualized 
for the two approaches. Technical assistance, including 
education, more nearly supposes lack of know how as the 
major obstacle to a greater degree of conservation while 
monetary assistance more nearly suppose.g cost and return 
as the important obstacle. However, common principles 
should guide use of resources. Are the limited public funds 
set aside for conservation being allocated in the most effi-
cient manner? Obviously there are many alternative ways 
in which the limited funds might be employed. These 
conservation resources might be allocated entirely to one 
soil type or to one erosion control practice. Or, they might 
be allocated equally to all soils and practices. The impor-
tant decision, however, is the portion of limited funds which 
should be allocated to particular soils, particular practices 
and other alternatives within the framework of conser-
vation. 
MEANINGFUL DEFINITION OF SOIL CONSERVATION 
The very first step in planning a soil conservation pro-
gram at any level should be the establishment of a basic 
definition of conservation. Otherwise, there can be no 
syste~atic manner in which public funds and resources are 
used. It is doubtful that present action programs make 
sufficient differentiation between long-run conservation 
problems and short-run production problems. The distinc-
tion between soil conservation and other general production 
problems cannot be made on the basis of production from 
the soil per se; otherwise seed corn, tobacco plants and 
insect spray would qualify equally with terraces, lime and 
other resource inputs eligible for public assistance. Too, 
the distinction cannot be on the basis of time. Soil conser-
vation is simply one element of the larger problem of the 
timing of production and investment; farm buildings, ma-
chinery and livestock in general would receive conservation 
subsidies were use of public funds based on the time varia-
ble alone. In the true sense, conservation does refer to the 
allocation of production and consumption over time. The 
economic decision is as much one of the quantity of re-
sources to be used in the present as the quantity to be 
conserved for the future." However, for purposes of the 
l1This decision is indirectly implicit in public soil conservation programs. Society 
can tax itself in unlimited quantities and use the funds to subsidize and otherwise 
obtain higher and higher levels of soil conservation. In so doing it can bid manpower 
and capital materials away from current production of houses, automobiles and other 
consumption goods. In curtailing current production of the latter through diversion 
of resources to conservation practices society is making a choice between present and 
future production. The decision is, again, the optimum combination between present 
.. nd future goods (even though these goods may differ between time periods). These 
questions are discussed in detail later on. 
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analysis in this section, soil 
conservation will be referred 
to in a somewhat different 
and restricted sense in which 
conservation is defined as 
prevention of diminution in 
future production on a given 
area of soil and from a given 
input of labor and capital 
(apart fFom the conservation 0 X I X2 X 3 
resource input, and with the RESOURCE INPUT 
A 
8 
technique of production oth- Fig. 1. Relationship of resOUrce input 
erwise constant) .12 :;r~aW.:'~.uct output at two levels of con-
This definition and its implications are illustrated in 
fig. 1. Soil conservation is not involved in the traverse of 
production function OA in varying resource inputs.'" For 
example, if the original input of resources (labor and capital 
in the form of tractor fuel, seed, fertilizer and other inputs) 
is OX! with a resulting output of OYz, conservation is not 
involved as the level of input is raised to OXz and the 
product to OY3 • This involves simply the traverse of a 
single production function (in respect to X resources). 
Neither need one be concerned as price relationships change 
over time and input falls back to OX! and output to OYz 
if the process can again be reversed and the same input 
always gives the same output.14 Concern with soil conser-
vation should instead be one of preventing a fall from pro-
duction function OA to production function OB. Lack of 
soil conservation in this sense refers to a discrete break 
between production functions and may occur as sheet ero-
sion washes the top soil down to less responsive profiles 
or as gully erosion removes part of the total area (and a 
'"Whether or not an equal output is forthcoming from the same level of input can 
be measured only in terms of a given technique. Obviously an improved technique 
might allow an equal product with a smaller resource input, thus hiding the decrease 
in productivity (which was potentially available had the technique been known earHer). 
"This is somewhat similar to the distinction between soil deterioration and soil 
depletion made by: 
Schickele, Rainer. Economics of agricultural land Use adjustments. I. Methodology 
in soil conservation and agricultural adjustment research. Iowa Agr. Exp. Sta. Res. 
Bu\. 201) :363. 1937. 
Also see Wilcox op. cit. for a related discussion. 
"Certain of the inputs may have been stored originaIlly in the soil. OX. might 
represent such a "virgin state of fertility." These "inexpensive original inputs" may 
be transformed into product and the input level lowered and maintained at OX,. How-
ever, should price-cost ratios sO warrant, inputs can again be raised to OX. through 
purchased nitrogen supplies, etc., to replace the initial "less costly" supplies provided 
by nature. In this case we again realize a product of OY3. 
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given application of nonland resources on fewer acres gives 
a smaller product because of diminishing productivity). If 
this permanent break (from one productivity curve to 
another) does come about, the previous condition is no 
longer fulfilled. An equal application of resources in the 
future will not result in an output of' the original magni-
tude. For example, if the input of labor and capital is 
increased to OX2 (after the fall to OB) it results in an 
output not of OYs (production function OA) but only OY2 
(production function OB). This notion of soil conserva-
tion is entirely apart from the concepts which include the 
upward or downward traverse of a single production func-
tion as conservation. In this concept it is unirriportant if 
one-thirtieth of an inch of soil is removed by sheet erosion 
from a top soil 100 feet deep (as long as the same input 
whether purchased or p1"ovided by nature gives the same 
output). 
INTERTEMPORAL COMPLEMENTARITY 
In the terms of production economics, conservation prac-
tices involve application of resource inputs (labor and capi-
tal) which are technical complements between time periods 
with resources which are transformed into product within 
single time periodsY; In other words, conservation inputs 
applied in one tjme period increase output in· subsequent 
"Rather than represent the problem in the simple terms of fig. I, we might 
better indicate the implications of our definition in a slightly more complex produc-
tion economics model. For example, we might use a production function. of the 
nature Y == f (X,Z) where Y is the total production within a given production 
period (and from a given soil area), X represents the nonconservation labor and 
capital (seed, fertilizer, tractor fuel, etc.) inputs of the same period and Z repre-
sents the conservation labor and capital inputs of an earlier period. Thus as We 
start cultivation of a virgin soil we have production function OA. We are still on 
the same production function (in respect to X resources) if in a later period equal 
inputs of X result in an equal Y output (as compared to the earlier period). Or, 
production function OA represents the productivity of X resources with some 
fixed magnitude of Z resources over time. Curve OB represents the productivity of 
X with a smaller fixed input of Z. However, the discrete opportunities are not 
reversible since once curve on has been attained a given increase in Z will not 
always result in the same output as if the latter (Z) inputs had been made before 
occurrence of erosion or other forme;; of soil deterioration. Or input of Z necessary 
to retain production function OA for X resources is less than the input necessary 
to restore OA once deterioration has COme about. The relevant level of Z input can 
thus be looked upon as the necessary fixed cost over time if the OA productivity 
curVe is to be retained for X resources. The DB curve represents a lower fixed cost 
in Z resources over time in order that the indicated lower productivity of X resources 
might he retained. If the OA productivity curve for X resources can he retained 
over time in the absence of Z resource inputs then a true conse:t'Vation problem does 
not exist. 
We do not classify all complementary factors of production as conservation re-
sources. Only those which are independent factors in early periods (to) but become 
complementary into future periods (tn) are so classified. If one factor or production 
S is complementary to the same extent with factor R in all periods, it does not qualify 
as a conservation resource. Unless distinction is made in terms of the complementary 
characteristics which have been outlined here, soil conservation cannot be distin-
guished from any other aspect of production. 
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periods over what it would be if these inputs had not been 
applied. Nonconservation resources are characterized as 
competitive (technilfal substitutes) with other resources 
within a single time period. Also, they do not influence 
output in subsequent periods. (These conditions refer to 
attaining a given output on a particular tract of soil.) 
The distinction can perhaps best be explained with an 
example: Suppose that an initial input of a resource com-, 
bination Xl (say 7 hours of labor, 50 pounds of fertilizer 
and a given physical quantity of other factors) results in 
an output of 50 bushels of corn per acre in the early period 
(to). If input of an additional resource Zl along with the 
original input of the combination (Xl) results in an output 
of 60 bushels in a later period (tn ), the additional resource 
(practice) is a substitute; some smaller input of fertilizer, 
labor or other resources in the original combination (Xl) 
can be used along with the Zl resource input to attain an 
output equal to the original 50 bushels. However, if in the 
later period (tn) the original (Xl) combination of resources 
results in an output of (a) only 40 bushels without the 
Zl resource input but (b) 50 bushels with the Zl resource 
input, the latter is a conservation resource (practice); 
unless Zl resources are employed the original output cannot 
be attained over time from the original Xl combinations. 
Prevention of gullying is a conservation measure since 
future production will be diminished as the original inputs 
of capital and labor are applied to the remaining (non-
gullied) land area in the absence of conservation practices 
or resources. Sheet erosion is not yet directly related to 
future production if its rate is at a fraction of an inch per 
year on a deep top soil (wherein the same application of 
nonconservation inputs results in an equally great output 
in successive production periods) .10 Sheet erosion causes 
a break between production functions, however, if the re-
maining subsoil results in a smaller output (as compared to 
the original top soil) from equal applications of labor and 
capital. Application of nitrate fertilizer on levelland which 
simply increases production when applied with previous 
'.We include the virgin supplies of nitrogen and other soil elements as part of 
the original input. If part of the natural supply of soil elements has been used. 
obviously it may be true that the original quantity of labor and capital (aside from 
fertilizer and related soil amendments) will not give as great a yield. However. our 
condition that the same inputs be applied would require also that soil elements be 
equal in quantity to those of the original soil condition. Thus our "early" inputs 
may have been partly furnished by nature whereas, to have equal labor inputs, 
fertilizer elements may have to be brought in from the "outside." Thus a downward 
traverse of a given production function as the virgin supplies of nitrogen. phosphorus 
or potash are used is not a true problem of conservation by our definition. The 
original production level can always be regained by replacing the quantity of elements 
originally supplied by nature. 
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resource combinations does not meet this test as a conserva-
tion measure. A definition such as that employed here 
would largely eliminate so-called conservation subsidies on 
level land except to control wind erosion. 
Without some such criterion there is no limit to the short-
run production practices in which public funds might be 
invested. Funds might equally well be invested in improved 
livestock techniques as in agronomic and soil engineering 
practices which have a main effect of increasing produc-
tion. In the discussion which follows conservation prac-
tices (resources) refer only to those which prevent diminu-
tion in output of the future from given resource inputs 
(retention of a given production function over time). In 
terms of this criterion, and assuming that society's willing-
ness to finance a limited amount of soil conservation grows 
out of concern not for today's but for the future's produc-
tion, efficiency in the use of limited annual appropriations 
is denoted by allocations which minimize the potential dimi-
nution of future production when given resources are 
applied to the land. 
NECESSARY CONDITIONS FOR MAXIMUM CONSERVATION 
A necessary condition for attainment of maximum con-
servation is that funds be used in fact for conservation 
practices. Some practices now receiving' public assistance 
in the name of conservation do not meet this elementary 
test. Irrigation, drainage and weed control, for example, 
are not practices which are generally necessary to prevent 
a diminution in future production. (The practices are sub-
stitutes over time for other types of resources except as 
they prevent permanent deterioration of the soil.) If irri-
gation is not developed or improved on a tract of land now 
there is nothing to preclude its initiation at a future date 
with the same resulting increase in production as if it were 
done now. The same can be said for mechanical drainage 
practices and weed control under most conditions. Although 
the line cannot be drawn so clearly, certain other practices 
subsidized by public agencies can also be questioned. Green 
manure and cover crops often fall in this category. A leg-
ume or grass crop used to prevent erosion or permanent 
deterioration in soil structure is related to production of 
the future. However, where these crops are used simply 
to boost short-run production of subsequent grain crops on 
level soil types, they hardly qualify for public subsidy if 
emphasis is on maintenance of future productivity. Cer-
tainly a payment for plowing under second-year red clover 
or annual legumes on'level land is remote from soil conser-
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vation. In some cases payment for plowing under a green 
manure crop such as sweetclover may even induce diminu-
tion of future production. This is indeed a possibility on 
soil types such as the Monona and Ida of Western Iowa 
where the effect of sweetclover may be to loosen the soil 
and speed erosion. Payments for liming materials and 
inorganic fertilizers for grasses and legumes on level land 
with a main effect of increasing short-run grain yields fall 
in a similar category. 
A similar analysis might be applied to technical education 
and assistance. Soil conservation districts were generally 
formed first in those areas with the greatest erosion hazard 
and hence where a true conservation problem existed. Too, 
a greater proportion of technical assistance is likely allo-
cated to conservation (as defined here) practices than is 
true for monetary assistance. As the number of districts 
has expanded, however, these have generally been in the 
direction of soil associations with less critical erosion haz-
ards, and a portion of technical assistance is devoted to 
developing irrigation systems, drainage and similar prac-
tices. Certainly the technical assistance used for irrigation, 
improved rotations on level land or drainage developments 
(where these are of a nonconservation nature) could better 
be employed where permanent deterioration of the soil is 
taking place,1'l' Given the objective of maximum conserva-
tion attainment, the efforts of a farm planner in York 
County, Nebraska, for example, should be allocated to ero-
sion control on the rough land rather than to irrigation 
development on level lands. Similarly, one farm planner 
in level Champaign County, Illinois, and one in rolling 
Switzerland County, Indiana, would not represent the best 
use of resources (in terms of our criterion of conservation 
maximization) were effort directed to drainage in the 
former and to erosion control in the latter county. 
SUFFICIENT CONDITIONS AND ALLOCATIONS 
BETWEEN SOILS 
Allocation of public funds to practices or soils where 
potential diminution in future production is prevented is a 
necessa1'y condition for maximum attainment of conserva-
"It may be argued that assistance to a farmer in draining a piece of bottomland 
increases either his reed supply or income so thst he can afford to remOVe hill land 
from intensive production. Yet were this to be a real basis for aid in draining the 
bottomland. th~re i. little point why technical assistance should stop here. Why not 
help the farmer improve livestock ration •• breeding and sanitation? These may be 
a. or more effective than drainage in offsetting any (a) lowered income, or (b) 
lessened feed production resulting from withdrawal of hill land. 
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tion (from given funds). It is not, however, a sufficient 
condition. On the basis of this criterion alone, public funds 
would be allocated to the various soil areas on the basis of 
the number of acres of soil subject to erosion or other per-
manent deterioration. An acre of one soil subject to erosion 
would have as much claim on public assistance as an acre 
of any other soil subject to erosion. Yet this would not 
guarantee the greatest degree of conservation (the smallest 
diminution in future production from given resource in-
puts) . 
Present funds should be given allocative priority between 
soil associations in terms of their marginal productivity in 
the relevant future time period. Each increment of invest-
ment in monetary or technical assistance should be spent 
in a manner which minimizes the diminution of future pro-
duction (due to erosion or other processes which perma-
nently lower productivity). For example, if a given current 
investment averts future loss of 100 bushels of corn (or 
equivalent miits of other crops) on soil A but only 60 bushels 
on soil B, then public assistance, if limited, should be 
devoted to the former soil. Limited conservation resources 
should have priority in· preventing loss of an acre of the 
more productive Tama-Muscatine soils of eastern Iowa over 
an acre of Shelby-Sharpsburg in southern Iowa or northern 
Missouri. Similarly, investment of limited public funds 
would call for preventing loss of an acre of Decatur-Dewey-
Cumberland soils of Madison County, Alabama, over the 
Guin-Atwood-Savannah soils of Franklin County, Alabama. 
The analysis outlined above is given greater refinement 
in figs. 2, 3 and 4. The goal should be one of equating the 
(future) marginal productivity from current investment 
0' 
SOIL B 
y 
o 
INPUT OF CONSERVATION RESOURCES 
IN PRESENT PERIOD (101 
Figs. 2, 3 and 4. Allocation of conservation resource. between soil types to equate 
marginal productivities. 
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between soils. Figure 2 suggests the (future) productivity 
of various quantities of (current) conservation investment 
on Soil A. Figure 3 represents the situation for soil B.IS 
(Figure 4 represents fig. 3 inverted counterclockwise and 
transposed over fig. 2.) With a total possible current invest-
ment of OZI in fig. 2 (which equals O'Z'1 in fig. 3) the 
entire investment should be made on soil A. The marginal 
productivity of all investments up to this point on soil A 
(fig. 2) is greater than any investment, however small, on 
soil B (fig. 3). Given a total possible current conservation 
investment of OZ2 (equals O'Z'2) for the two soil types, as 
indicated in fig. 4, OZI should be invested in soil A and 
ZtZ:J (equals O'Z'1) should be invested in soil B. Under 
this combination the marginal productivity of investment is 
equated between the two soil types.19 
If allocation of conservation funds were to be based on 
the criteria of maximum attainment from given or limited 
conservation funds, annual investment in either direct sub-
sidies or technical assistance on one soil area might well 
amount to several times that of another soil with an equal 
acreage subject to erosion. These possibilities are suggested 
in the experimental data of table 1. If annual conservation 
appropriations are so limited and if diminution of future 
production is to be minimized, it is more important to save 
2 acres of Marshall silt loam while 2 acres of Shelby silt 
loam erode away than to save 1 acre each of Marshall and 
Shelby while 1 acre of each also erodes away. Certainly 
within the framework of annual appropriations short of 
those necessary for complete safeguarding of future produc-
tion, some soil areas should go entirely without subsidies 
while payments are concentrated on productive soils which 
"'The situation for the two soil types might be represented by two production func-
tion. such as Yn = f (Xn. Z.) and Y'n = f (X'n, Z'.) where the first refers to the 
output from and reSources applied to soil type A while the second refers to the same 
product and resources for soil type B. Yn and Y'n represent the product of the future 
(·tn) time period. Xn and X'n represent the input of nonconservation resources of the 
same period (tn) and Z. and Z'. represent the input of conservation resources from 
an earlier period (t.) for the A and B soils respectively. In figs. 2. 3 and 4 We 
are holding the input of X resources constant to examine the produ'ctivity of Z re-
sources. This is consistent with our presentation in fig. 13 where We are. in effcct. 
holding Z resOurces constant to examine the productivity of X resources. Figures 2 
and 3 thus also represent the future product sacrificed from given applications of 
nonconservation resources (X) if the relevant quantities of conservation resources 
(Z) are not applied earlier. For example. if the input of the conservation reSOurce 
is Z,Z. in t. on soil A. the given application (say OX, of fig. 1) of X will result in 
output of only OY, rather than OY. in tn. 
10Th' • b' It· dY' dY' d h 
,. 1. 0 Vl0US Y ~ue smee dz = dZ' un er t ese combinations where Y andY' 
represent the Same commodity measured in the same scale except for difference hi. 
soil type and Z and Z' represent the same resOurces (or dollar investment) measured 
in identical units except for differences in soil types. . 
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TABLE 1. EXPERIMENTAL YIELDS' FOR TWO DIFFERENT SOIL TYPES 
UNDER SIMILAR MANAGEMENT PRACTICES. 1932-42' 
Corn yields 1932-42 
Rotation Shelby silt loam. Marshall silt loam. 
Bethany. Mo. Clarinda, Iowa 
8 percent and 9 percent and 
72.8 ft. slope" 72.6 ft. slopet 
Continuous corn 19.7 bu. 28.5 bu. 
Corn-small grain-meadow 26.1 bu. 42.9 bu. 
'The small grain was oats for the Marshall experiment and wheat for the Shelby 
experiment. Meadow included red clover for the former and red clover and 
timothy for the latter soil. 
"From U. S. Dept. Agr. Technical Bulletin No. 883. Investigations in erosion 
control and reclamation of eroded Shelby and related soils at the Conservation 
Experiment Station, Bethany. Missouri. 1930-42. April. 1945. 
tFrom U. S. Dept. Agr. Technica) Bulletin No. 959. Investigations in erosion 
control of the reclamation of et"Oded land at the Missouri Valley Loess Conser-
vation Experiment Station. Clarinda. Iowa. 1931-42. Odober, 1948. 
TABLE 2. EFFECT OF CROP ROTATIONS. TERRACING AND DIRECTION OF 
SLOPE ON SOIL LOSS PER ACRE FROM SMALL WATERSHEDS. 1934-41. 
Practice 
Terraced compared with unterraced: 
(al Continuous corn 
(b) C-C-O-M Four-year rotation" 
Four-year rotation·· compared with continuous cOl"n: 
(al Unterraced 
(b) Terraced 
Computed reduction in 
soil loss per acre' (tons I 
4.80 
1.38 
4.03 
.61 
'Computed from U.S.D.A. Technical Dulletin 959. p. 69. table 24. The data on the 
unterraced results are for a southeast slope while those for terraces are for a 
northeast slope. 
··Corn-corn-oats-meadow. 
are most important over the long run. There is little evi-
dence that major allocations of public assistance between 
soil areas have been based on the principles outlined here. 
ALLOCATIONS BETWEEN PRACTICES ON GIVEN SOILS 
Current allocation of public funds between conservation 
practices also suggests some lack of economic system. Evi-
dently one criterion is the selection of qualifying practices 
which enable most farmers to collect some amount of pay-
ment. The system has no basis within the framework of 
our efficiency criteria. Another basis for allocation of 
funds between practices which has been used to some extent 
is the cost of the installation or practice. For example, 
with cost of terrace construction at 15 cents per cubic yard 
of earth moved and waterways at 12 cents, 70 percent of 
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the cost of each might be subsidized. Absolute cost is not, 
however, a sufficient basis for allocating funds between 
practices. Greater conservation might result from given 
annual appropriations if 80 percent or all of one practice 
were subsidized while 40 percent or less of some different 
practice were subsidized.20 
In practical application of this principle public agencies 
should discriminate carefully between the rates of payments 
for different practices even within a given soil area or farm. 
Where conservation problems do exist, funds should be spent 
on these practices which result in the greatest degree of 
conservation per dollar invested. The economic incentive 
should be greater (on a given soil type) for establishing a 
rotation with at least 1 year of meadow on a farm which 
has previously had no meadow than for establishing a rota-
tion with 3 years of meadow on a farm which previously 
had 2 years of meadow. Or, it is more important to encour-
age terracing on a farm with continuous corn than on a 
farm with a meadow rotation. Possibilities do exist for 
differentiating between practices as is suggested in table 2. 
TECHNICAL ASSISTANCE 
Technical assistance for conservation should also be allo-
cated between practices on the basis of productivity prin-
ciples. Widespread application of those practices which 
have greatest effect in erosion control and hence in prevent-
ing diminution of future production should be attained be-
fore resources are devoted to simple practices which have 
less relationship to potential future output. Yet farm plan-
ners have been occupied in devising complete plans for some 
farms while there exist waiting lists of other farms to be 
""The economic logic underlying the optimum allocation of conservation funds be-
tween practices and within soli types can again be lIIustrated by figs. 2 and 3. Given 
the goal of maximum conservation from given funds, allocation of assistance should 
be in terms of maximizing (future) marginal productivity of each increment of 
investment. Suppose that fig. 2 represents practice A, such as terracing, which can 
be applied in different degrees oVer the soil area through terrace spacing, number of 
acres terraced, etc. Figure 3 might represent practice B such as lime, inorganic fer-
tilizer, forage or cover crops which can also be applied to the land in varying degrees. 
Diminishing productivity would be expected. Given a total quantity of funds OZ. 
(equals O'Z',) to allocate between practices A and B, the cost-of-installation criterion 
would result in investment of one-half (or OZ,) on practice A and one-half (or 
O'Z',) on practice B (with a resulting output of OY, from practice A and O'Y'l 
from practice B). However, on the basis of the productivity criterion, the entire 
funds OZ. (equals O'Z'., would be im'ested on practice A. FutUre production from 
current investment would thus he maximized since the total prodUct (prevented from 
eroding away) would amount to OY. (which is greater than OY, plus O'Y',). Given 
a quantity of funds greater than OZ. (equals O'Z'.) the task is one of equating 
future productivities between practice investments. (One of many such combinations 
is illustrated by fig. 4 for a total present investment between practices equal to OZ. 
plus O'Z',.) . 
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planned even on the same soil association. Optimum allo-
cation of limited technical assistance would require applica-
tion of fewer bwt critical erosion control practices on greater 
numbers of farms rather than application of the g1'eatest 
number of +practices on fewer farms. 
The logic of this statement is illustrated by fig. 2. Sup-
pose that two farms of the same soil makeup exist. Both 
have identical intertemporal production functions of the 
nature suggested by the relationship between present ero-
sion control input and future output in fig. 2. The available 
amount of present input (technical assistance in this case) 
is OZ2' In the vein of complete far1n planning, an input 
OZ2 of technical assistance would be applied on one farm 
while none was being applied to the other. However, in 
terms of the optimum allocative principle, OZI (equals 112 
OZ2) would be applied to each" farm. Future production 
would be augmented since the combined product would then 
equal20Y1 on the two farms, as compared to only OY2 under 
complete farm planning. The output gained (OY1) on the 
second farm would be greater than the output sacrificed 
(Y1Y2 ) on the first farm. Application of the entire OZ2 
input of technical assistance on one farm with none on the 
second could be justified only in the case of a linear produc-
tion function. 
The advantage of applying a few critical practices to a 
large number of farms rather than application of a greater 
number of practices to fewer farms will depend in part upon 
the degree of complementarity between practices. Terraces 
and contour farming, for example, are highly comple-
mentary in some situations. Where this is the case, it would 
represent a more efficient use of limited funds to get half 
the farmers to terrace and contour than to get all farmers 
to terrace without contouring, or vice versa. 
PUBLIC SUBSIDY IN RELATION TO RETURNS 
TO THE INDIVIDUAL 
Returns to the individual should be a basic consideration 
in any public conservation program which involves subsidy 
payments. Given a goal of maximum conservation from 
limited appropriations, distinction should be drawn between 
those practices which (1) are not profitable to the indi-
vidual farmer and would not be carried out in the absence 
of subsidy and (2) those which are profitable and would be 
adopted even in the absence of public subsidy. There is 
foundation for public subsidy of enterprises, resource com-
bination or practices which are economic to society but 
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which are unprofitable to the individual. Economic criteria, 
however, do not justify subsidization of private production 
where returns to the individual and society do not diverge. 
This distinction has often been ignored in public programs. 
Not only have farm practices which are clearly profitable 
been subsidized, but also payments have been made widely 
for practices which farmers would have adopted even in the 
absence of public subsidy. Such allocations represent inef-
ficient use of limited funds if maximum conservation is the 
goal and if important areas exist where erosion control 
practices are not profitable to the individual or would not 
be adopted in the absence of subsidization. Obviously, given 
funds will result in greater conservation if used to bring 
about practices on 100 acres of soil B where erosion control 
does not pay the individual than if used to divide the same 
fund one-half to soil B and one-half to soil A where the prac-
tice is profitable and farmers have already adopted it. 
There are numerous reasons why certain erosion control 
practices are economic to society but are unprofitable to the 
individual. These divergencies arise mainly out of the fol-
lowing situations: (1) Leasing arrangements whereby 
either tenant or landlord does not realize the full marginal 
product from his investment because of (a) the way costs 
and returns are divided or (b) the length of tenure. (2) 
Capital situations whereby the operator with limited funds 
realizes either (a) greater returns from investment in 
other alternatives, or (b) greater family welfare by con-
suming now rather than in investing for future returns. 
(3) General economic instability wherein uncertainty of 
future returns discourages conservation development (along 
with other long-term investments). (4) Situations in which 
benefits are realized in one locality from investments made 
in another. (5) Situations in which a long period of time 
intervenes between conservation investments and returns, 
Should public subsidy be used as a permanent offset to 
these forces which tend to prevent conservation? Public 
subsidy, while suitable for the last two situations, is clearly 
not the basic economic remedy for the first three. Unless 
emphasis is placed upon elimination of these obstacles so-
ciety must stand ready to subsidize conservation for score 
upon score of years. Positive steps would include action 
along the following lines: (1) TenU1'e a1'mngements: (a) 
developing leasing arrangements which resolve economic 
conflicts between landlord and tenant,!!1 (b) extending edu-
cation which facilitates adoption of improved leasing sys-
21 For more details see: 
Heady. Earl O. Economics of leasing systems. Jour. Farm Econ. :ro :659·678. 1947. 
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terns and (c) developing legislation (where this iSI the only 
alternative) to guarantee compensation for conservation 
and related investment. (2) Lack of capital: designing 
credit systems to conform to the timing and returns of con-
servation farming. (3) Economic instability: designing 
fiscal policy and other means to eliminate the wide fluctua-
tions in returns and the uncertainty which accompany in-
flation and depression. 
Obviously, these forces cannot be treated adequately in a 
period of one or two years. Conservation subsidy may be 
necessary as an offset" in the interim. A more effective 
long-run use of public resources might well be diversion of 
the portion of funds currently used for practices which 
either (a) have little relation to preventing long-run dimi-
nution in production or (b) are profitable to the farmer and 
would be adopted anyway, to research and education in the 
areas specified above. 
FORM OF PAYMENT 
The form of payment is also of economic interest when 
public subsidy is for practices which are unprofitable to 
the individual. Payments may take either one of two forms, 
(1) as a variable payment over time directly proportional 
to the part of the original conservation investment trans-
formed into annual cost within a single production period, 
or (2) as a lump-sum payment covering the original invest-
ment with no relationship to its annual transformation or 
depreciation. Annual recurring practices such as contour-
ing, seed for close-growing crops and lime or fertilizer for 
obtaining catches of the latter are examples where the ini-
tial investment (labor, fuel, materials, depreciation on 
equipment, etc.) is generally the same as the annual cost 
of the practice. However, in the case of dams and terraces 
the initial investment does not represent the annual cost of 
the practice; the annual cost is represented by the deprecia-
tion of the investment and other costs which occur from 
year to year throughout the life of the installation. Subsidy 
for installation investment does not lower the marginal cost 
of installation maintenance. However, if interest on invest-
ment must be considered as an annual cost (especially 
where funds are borrowed) then subsidization of the orig-
inal capital investment will result in a lower annual total 
per unit cost of the installation over time. 
The form of payment should conform to the nature of 
the annual transformation (or depreciation) of the practice 
or installation if public investment in conservation is to be 
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safeguarded over time. For mono-period or annual recur-
ring practices such as contouring, payment per unit of prac-
tice in the year applied is the appropriate economic vehicle 
if adoption of the practice is to be expected. This is true 
because the costs of the practice are variable costs in the 
sense that all inputs are traru~formed within a relevant pro-
duction period. The costs within any production year are 
thus directly proportional to the units of practice applied in 
the same period. However, in the case of installations with 
a life of several years the full transformation does not take 
place in the year of initial investment. An installation 
subsidy for these long-lived practices in terms of a single 
payment per unit of installation may not guarantee or in-
duce subsequent maintenance because the entire amount is 
paid at one point in time with no relationship to later unit 
costs of maintenance. If installation investment (terraces, 
dams, drainage, etc.) were originally unprofitable in a 
static sense and if the subsidy were in lump-sum form, then 
subsequent maintenance might still be unprofitable to the 
farmer. Or, if some quantity of a practice were already 
in application and the goal were to extend its adoption, the 
lump-sum subsidy might not guarantee its maintenance. 
With a lump-sum payment, the firm could be expected to 
maintain the practice only if the following condition were 
realized. The annual value to the firm of the increased 
product, resulting from the practice, must exceed the annual 
cost to the firm of maintenance. There might, of course, 
be individual years in which costs would exceed returns, 
but over a period of years the practice must at least pay for 
the cost of repairs if it is to be maintained. 
There are some cases in which long-lived installations are 
unprofitable to the firm under any circumstances. In these 
cases, the firm has a greater profit after the lump-sum sub-
sidy (if the productivity of resources invested is greater 
than zero) but it cannot increase its profits further by 
maintenance. Under these conditions, retention of the 
practice would involve installation subsidies plus mainte-
nance subsidies. 
There are at least two situations under which installation 
subsidy may make it feasible to apply practices even in the 
absence of maintenance subsidy. One' of these has to do 
with uncertainty and the other with capital limitations. The 
first situation is especially applicable where costs of the 
present must be related to returns of the future and where 
uncertainty surrounds the latter. Even if the historic re-
turn is greater than the historic cost, the farm firm may 
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still discount future returns to such an extent that it is 
sUbjectively rational to view the venture as unprofitable. 
In this setting a present subsidy tied to installation may in 
effect increase the certainty and lower the discount on 
future income (thus encouraging installations which would 
otherwise appear subjectively unprofitable). In the second 
situation, the operator might find it profitable to invest in 
conservation installations if capital were not limited. How-
ever, with limited capital and a prospective return on live-
stock at (say) 10 percent and a return on conservation in-
stallations at 5 percent, he will still forego investment in the 
latter. Subsidy earmarked for installation would, however, 
equalize the profitability of application of the conservation 
practice.22 Direct subsidization of installation investment 
is not, however, a necessary means under the situation 
where the practice is profitable in an absolute sense and 
unprofitable only in a relative sense (e.g. where capital is 
limited and other investments return more than conserva-
tion installations). One alternative would be an interest-
free loan of funds provided they were used for conservation 
installations. (Installation subsidies in some current pub-
lic programs are not only interest-free but also repayment 
of the fund itself is unnecessary.) If tied to conservation 
installations, the fund could not be used for other enter-
prises 'even though the latter gave greater returns. Then, 
too, loans of this nature would allow greater conservation 
accomplishment from given appropriations since the fund 
could be used over and over as it was repaid. Resistance to 
the use of additional borrowed funds, -which might further 
lessen the farm firm's equity ratio and hence increase the 
probability of insolvency in case of an unfavorable turn of 
events could be circumvented under arrangements whereby 
the liability incurred from the conservation loan was not 
directly a part of the firm's total liability structure. 
RELATION OF CONSERVATION TO DEVELOPMENT 
Up to this point the analysis has focused on the efficiency 
of using given funds once these have been appropriated. 
Attention is now turned to the total quantity of society's 
resources which should be allocated to conservation. The 
quantity of resources to be invested in direct conservation 
activities cannot be separated from alternative employment 
""An unrestricted (not tied to conservation practices) lump-sum subsidy or capital 
loan would still not result in the application of installations where capital is the lim-
iting factor and other investment opportunities give greater returns. The operator 
would use the added funds in the alternatives giving the greatest returns. 
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of the same resources. Potential conservation funds can be 
used in intensifying and increasing production on soils 
which are not subject to permanent deterioration. They 
can also be used in developing new techniques which in-
crease the product from given resources. Too, society's 
demand for food is not apart from its demand for nonfood 
products. As food production is expanded, it takes on lower 
and lower consumer values relative to other products. Obvi-
ously, conservation should be extended only as long as the 
marginal productivity of resources so invested is not less 
than for the many competitive uses of these same resources. 
The primary purpose of the analysis which follows is to 
relate soil conservation (as defined earlier) to soil develop-
ment opportunities.::!3 
In the isolated industry case discussed in this section, soil 
conservation does not have all the connotations of resource 
conservation (competition in production between time peri-
ods whereby a greater product in one necessitates a lower 
product in another). The same level of output may be 
attained in various time periods even if conservation of the 
soil (erosion control by means of terraces, dams, contour-
ing, etc.) does not take place. For example, the initial out-
put on a soil area may be OYa from an input of OX2 (fig. 1. 
Production function OA and including the virgin fund of 
fertility plus purchased inputs). Input may then drop back 
to OX1 with a corresponding fall in product to OY:l (pro-
duction function OA), and eventually to OY1 (production 
function OB) as erosion takes place. However, in a later 
period, output may again be pushed to the original (OY:\) 
level by a greater application of input (OXa on OB). In 
fact, the output can be boosted even beyond the level of the 
earlier period by employing an input of even greater magni-
tude than OXa• Even were it true that erosion took place 
to the extent of removing one-fourth the United States land 
areas, output of various levels (including that of the pres-
ent, or greater) could be attained on the remaining area 
through application of sufficient labor, fertilizer, irrigation 
water and· other resources. Production of one time period 
does not preclude production of the same or greater level in 
a later time period. 
Actually, the economic problem here is one of capital and 
labor substitution. The given output (OYa) can be attained 
in various time periods by either one of two methods: (1) 
""We define soil development as characterized by use of resources which serve as 
technical substitutes for those already employed in agricultural production. 
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by a smaller application of specific capital in the form of 
fertilizer, irrigation water, etc. (OX2 and OB) and a larger 
capital investment in terraces, dams and other erosion con-
trol measures or (2) by larger outlays for specific capital, 
and .smaller investments of erosion control capital. The 
relationship is that expressed in fig. 5. The curve EF is an 
isoproduct (equal or given product) curve showing the 
many combinations of labor and capital which can be em-
ployed in attaining the given output. The hypothesis here 
is that the one class of inputs substitutes at a diminishing 
marginal rate for the other; a small amount (x) of fer-
tilizer, labor and similar materials applied on better soils 
may offset (substitute for) a given amount (y) of terrace 
and similar investment on the poorest soils. However, one 
more similar increment (x) in fertilizer and labor applied 
on the best soils (or on the next best soils) will not substi-
tute for as great a quantity (y) of terrace investment on 
soils a degree about the poorest. Conversely, x quantity 
of fertilizer may substitute for the first y quantity of ero-
sion control investment but 2x may be required to offset the 
second y decrement of erosion control materials (if the same 
quantity of output is to be realized). Obviously the opti-
mum combination (either for an individual or society) of 
the two types of production factors depends on their rela-
tive costs; the marginal productivity of capital in the form 
of fertilizer and related resources should be equal to the 
marginal productivity of capital in the form of terraces and 
related erosion control investments.24 
Conservation should especially be related to irrigation 
and other national soil development programs. Actually 
conservation and development can be used as substitutes in 
providing future food and fiber needs. And the two should 
be developed congruously in the sense of equating marginal 
productivity of investment in each. The important eco-
nomic consideration. is the extent to which limited public 
:HGiven the cost of the various classes of resources, equal marginal prodUctivity 
would be defined at the point of tangency of an outlay contour and the product 
contour. denoting a ratio of prices equal to the marginal rate of substitution. Obvi-
ous)y~ the marginal tate of substitution between the two major classes ot resOurces 
and the exact combination (erosion control Versus fertilizer, labor, water and asso .. 
ciated inputs) will depend un the total (given) output to be attained and the portion 
of the total lands of various classes already under cultivation. Ratber than represent 
the case of "conservation" in terms of different ptoduction functions we might have 
presented it as a production surface or single production function as Y = f (Ld t Lb. 
C •• Cn) where Y is the total product. L< is the land input, L. is the labor input, C. 
is the capital invested in erosion control input and en is the nonerosion control capi-
tal input. Then OA curve (output OY3 in fig. 1) "represents the given production 
function with Borne magnitude of C. and smaller magnitudes of Cn and L. than OB 
which represents a zero Cu input and a greater Lb and en input. However, there is 
some doubt about this concept since once OR has been attained, an increase in the 
L. input (after erosion has taken place) will not always result in the same output 
as if the Le input had been made before occurrence of erosion. 
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funds should be invested in 
(a) controlling erosion in 
order that agricultural prod-
uct from some soils will not 
be sacrificed in the future or 
in the alternative of (b) ex-
tending future production on 
other soils through irriga-
tion, etc. In an applied sense 
a given investment should be 
made in control of erosion if 
it safeguards output of the 
future by (say) 100 units of 
wheat or other product while 
a similar investment in irri-
gation extends future pro-
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duction by only 75 bushels. Fig. 5. Substitution of conservation in· 
Conversely, if 100 units of puts and other resource inputs. 
product can be made available by conversion of dry-land 
farming to irrigation while a loss of only 50 units of future 
production can be prevented by an equal erosion control 
investment, the former should be given priority. 
Allocations of this nature would require that a goal or 
objective be established relative to the future need for agri-
cultural products. The goal should suggest (1) the quan-
tity of agricultural products needed relative to the products 
of other industries and (2) the minimum cost of guaran-
teeing this level through (a) conservation of soil and (b) 
irrigation and other development. Obviously, establish-
ment of goals of future production is not easy. The needed 
extent of future production and hence erosion control (or 
its SUbstitute, irrigation or other development) depends on 
(a) growth of population and aggregative demand, (b) 
changes in general techniques and the efficiency with which 
soil resources are transformed into product, (c) tastes of 
consumers for agricultural relative to other particular 
products, (d) war needs and international trade and (e) 
other variables. Prediction of these variables and hence 
the need for future agricultural production (relative to 
nonagricultural products) is obviously subject to error. 
This complexity does not, however, justify unlimited and 
unregulated public investment in soil conservation or devel-
opment. Even though they be subject to error of predic-
tion, careful inventories should be made (1) of the expected 
trends in techniques and demand, and (2) of the quantities 
of the various soil types, both (a) subject to erosion and 
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(b) capable of development through irrigation and other-
wise. The total level of required conservation-development 
might then be estimated. After estimation of the aggregative. 
portion of future product which depends on either (1) in-
creasing output through irrigation, or (2) preventing dimi-
nution of production through erosion control, the exact 
components of this developmerit - conservation quantity 
should be derived. Here we are concerned with attaining 
the quantity of product in question with a minimum cost. 
This condition is given in the productivity principle where-
in irrigation would be extended only as long as the increase 
in output from a given investment is greater than the 
diminution prevented by an equal investment in erosion 
control (and vice versa). 
UNCERTAINTY AND FLEXIBILITY 
Given certainty (or expectations otherwise single valued) 
in prediction of future events, the entire portion of soil for 
which conservation is uneconomic (e.g. where the product 
lost through erosion can be offset at a lower cost by irriga-
tion and other development) might be allowed to erode 
away over time. However, error of prediction is a reality 
which must be faced. Expectations of the future can at 
best be viewed only partially in the vein of empirical proba-
bility (historical trends). Expectations also must be viewed 
as subjective probability distributions wherein the likeli-
hood of each possible outcome can only be estimated (apart 
from the empirical sense). Unexpected events (those not 
inherent in empirical trends) ; wars, changes in population 
growth, lags in techniques, or other contingencies may actu-
ally come to exist. There can be no turning back if soil 
needs have been underestimated and an important quantity 
has been allowed to erode away. For this reason, provision 
for intertemporal flexibility in the use of soil resources is 
doubly important; society must place itself in a position 
whereby standby production capacity (1) is available if the 
low-probability and hence unfavorable expectation does 
come about but (2) need not be carried at an extreme cost 
sacrifice if the contingency fails to materialize. (Should 
the contingency never materialize then society has sacri-
ficed in the sense that it has invested resources in an alter-
native of low productivity.) 
Flexibility would not be achieved were only a minimum 
soil area (that consistent with the expectation to which the 
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greatest subjective probability is attached) retained for 
future production. The possibility for turning back does 
not exist if the single expectation fails to materialize. How-
ever, if some range of su,rplus soil is carried into the future 
then it (1) can be used if the need arises or (2) can be left 
out of production if the need never arises. 
The important question is one of how the range 'of flexi-
bility can be carried at the lowest possible cost. Should the 
land which is needed only to meet future contingencies (and 
not for current production) be maintained in annual use 
through annual subsidies paid for the contouring, terrace 
upkeep and the seeds and fertilizers necessary for erosion 
control? This is not a necessary procedure. The margin 
of land carried for flexibility purposes might be better 
retired from production and returned only if the need arises. 
The alternative to be selected (a) withdraw from produc-
tion or (b) maintain in production with continuous annual 
subsidy of erosion control p,ractices) should obviously de-
pend on costs. In many cases the first alternative will 
require a smaller outlay over time (once the land has been 
seeded down or otherwise prepared to prevent deteriora-
tion). Too, there are poss,ibilities that the soil area retained 
for purposes of flexibility might also be employed for graz-
ing or other extensive operations. Maintenance of a soil 
margin for flexibility would require that public control be 
exercised in a manner to regulate use and guarantee pre-
vention of deterioration. 
FUNDAMENTAL ECONOMIC PRINCIPLES 
OF CONSERVATION. 
INTERTEMPORAL PRODUCTION RELATIONSHIPS 
Conservation is not entirely a unique problem in econom-
ics. As in other areas of production economics, the problem 
is one of allocating scarce resources between competing 
alternatives. Competition, however, with respect to the 
conservation problem is between products of different time 
periods. With this exception, the optimum level of conser-
vation might be defined within the usual framework of 
production economic principles. The relationships are be-
tween those denoted as joint products in economic analysis. 
Competition for resource services is, of course, between 
many pe1'iods on into eternity. In the analysis which fol-
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lows the problem has been restricted to competition between 
two time periods, tl (the present) and t2 (the future) .25 
INTER TEMPORAL JOINT PRODUCTS 
Resources can be divided into two pure categories de-
pending upon the nature of the joint relationship between 
the resource services that become available in one time 
period compared with another. 
In the first category are those resource services that be-
come .available over time in fixed proportions and which 
can therefore be called intertemporal joint products. These 
are sometimes termed flow resources. Well known exam-
ples include rainfall, sunshine, power from streams and 
wind, scenery, etc. These resource services are joint in 
the strictest sense; the possibility does not exist for substi-
tution of the flow from one time period for that of another 
period.2G The case is illustrated in fig. 6 by letting the axes 
measure the quantity of the service itself that, becomes 
available in tl and t2• The intertemporal combination can 
be only one of OU in tl and OV in t2 • The service itself can-
not be withdrawn from t2 to be used at an earlier date, t 1• 
Flow resources can be divided into two classes: (1) those 
which produce nonstorable services, such as wind, sunlight 
or scenery; and (2) those which yield services which can 
be stored, such as water for power or irrigation. For the 
nonstorable services, the intertemporal relationship is again 
that of fig 6. The services are produced in fixed propor-
tions (OU in tl and OV in t2). This is the only possible 
combination in which they can be used since utilization can-
not be postponed from one period until the next. 
The situation for storable flow services is illustrated in 
fig. 7 by the intertemporal opportunity curve MPN2• Since 
"'Additional periods could be incorporated into the analysis by resorting to higher 
mathematics. However, this step has not been token in order that simplicity be 
retained. The basic principles and conclusions are similar in any case. The length 
of the time period (tt or 12) is also irrelevant. It may be a time span of any number 
of years. The simple geometries employed understate the complexity of the problem. 
and its solution, but use of other mathematics would increase the complexity of 
analysis. It must be recognized that the mode of analysis employed here is inade-
quate when sufficient time period. are included. Obviously. consideration of more 
than two time periods can hardly be handled by means of production or utility nur-
faces. In this sense our presentation is overly elementary (the problem. involves 
infinite numbers of periods and individuals), too, while it is possible to imagine the 
utility relationships present here for one individual for a total time span T (made up, 
for example, of two time periods, tt nnd t. of one or a few day. each), it is less easy 
to visualize these relationships as they relate to a time span (T) of several hundred 
years. However, within the framework of these limitations the analysis provides 
some elementary but basic logic which is helpful to the nonmathematician. 
"Aside from short-run fluctuations in climate, the quantities of the important flow 
services available in different time periods are equal. 
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Figs. 6, 7 and 8. Nature of flow and stock resource services between time periods. 
the resource services are produced in fixed proportions 
between time periods, utilization of the services at the time 
they become available in periods tl and t2 would allow utili-
zation of OM in the former and ON1 in the latter period. 
However, since all of the service produced in the earlier 
period (t1) can be stored until the later period (t2 ), the 
maximum quantity available in t2 is equal to that produced 
in this period plus that stored from the earlier period 
(which is equal to OM if the resource service does not 
deteriorate in storage) .27 Thus the possible intertemporal 
combinations of resource services include: (1) OM in tl 
and ONI in t 2; (2) none in tl and ON2 in t2; or (3) anything 
between these two extremes. 
The second pure category includes those resources which 
yield services that permit a latitude of substitution between 
time periods. They arise from stock (exhaustible) resources 
such as coal, petroleum and certain soil mineral deposits. 
Here sacrificing the use of the service in one period in-
creases the quantity available in another period. The case 
is illustrated in fig. 8 where the axes also indicate the quan-
tities of resource service available in different time periods. 
The line R282 is the intertemporal opportunity or iso-
resource curve. It indicates the various possible inter-
temporal combinations of services possible from given stock 
resources. In the illustration the opportunities are as fol-
lows: (1) The total services (OR2 ) from, the given stock 
of resources can be used in period t i • (2) The total services (082 ) can be used in period b (3) The intertemporal com-
bination can include OR1 in tl and 081 in t2, or any other 
combination shown on the intertemporal opportunity (iso-
27The PN. portion of the opportunity curve will be linear or indicntive of n con-
stant marginal rate of substitution between two specific points in time even though 
an increasing rate of deterioration may hold over time. 
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resources) curve. A greater use in one period always neces-
sitates a sacrifice of service in another period.28 
The relationships along the line R2S2 in fig. 8 indicate the 
possible combinations of use of resource services in tt and t2 
that will completely use up the services from the resource. 
Additional periods can be brought into the analysis, but the 
relationship is still one of using up the stock of resource 
services over the specified time periods. 
COMMODITIES 
The analysis above has been in terms of the productive 
services derived from basic resources. It can also be applied 
to consumption commodities which, altho\lgh derived di-
rectly from the resource services are derived indirectly 
from the basic resources. The analysis thus remains the 
same except that the relevant relationship is now directly 
between the basic resource and the commodity (product). 
In figs. 6,7 and 8 the axes now indicate the quantities (com-
binations) of intertemporal products available for con-
sumption from the categories of basic resources in the dif-
ferent time periods. 
For commodities produced in fixed proportions and not 
storable (atmosphere, scenery, etc.), the intertemporal re-
lationship is again that of fig. 6. This combination is the 
only possible one since direct consumption of the services 
cannot be postponed from one period until the next. 
For commodities which can be stored from one period to 
another, and which are derived either from storable or non-
storable flow resources, the situation is illustrated by the 
""In fig. 8, as is indicated by the convexity of the curve R"s •• the rate of inter-
temporal substitution is at an increasing marginal rate. Each successive increment 
of services in h (b) necessitates increasingly greater sacrifices of services available 
in t. (td. Another possibility is substitution at a constant rate (as suggested by the 
linear intertemporal opportunity curVe PN. in fig. 7). However. fig. 8 (increasing 
marginal rate of substitution between time periods). is the most likely case: expan-
sion in current services by increasingly greater magnitudes is possible only as easily 
accessible deposits of basic resources are exploited. Accordingly, supplies of future 
services may suffer in absolute amounts for two reasons. Tbe less productive 
deposits which might otherwise have been extracted, are lost as gas pressure dimin-
ishes, coal shafts collap.e. etc. Too. eVen in the absence of this absolute loss. a 
diminishing rate of extraction is necessary over time relative to a given quantity of 
working resources (labor and capital for extraction of the basic resources): A greater 
output of services in one time period (t,) from a given (X) quantity of working 
resources is possible only through extraction of the most productive (accessible) de-
posits. Thus X working resources must produce less in a later period (t.) since they 
are employed in extracting les" productive (accessible) deposits. (The productivity of 
X working resources in period t. (tI) is an inverse function of the productivity of the 
same X resources in tI (t.) except fol' the complementary case noted later. We 
employ the notion of increasing marginal rates of substitution fori stock resource 
~ervices in the analysis which follows. However, the basic principles would be exactly 
the same were the concept of constant rate employed. 
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intertemporal opportunity curve MPN2 in fig. 7. With 
respect to a storable commodity the inter temporal choices 
are the same whether the commodity is derived from a 
storable or a nonstorable flow resource. There are the fol-
lowing alternatives: (a) The resource services can be trans-
formed into commodities which in turn can be consumed 
within the same time period. (b) The resource services can 
be transformed into commodities in an early time period 
(tl ) which can be stored for consumption in a later period 
(t2 ). (c) With storable flow resources, the resource service 
can be stored for transformation into product in the later 
time period. If tlie resource services are available in fixed 
(and equal) proportions between time'periods, consumption 
of the products at the time they are derived in periods tl and 
t2 would allow OM consumption in the former and ONl con-
sumption in the latter period. However, since all of the 
product produced in the earlier period (tl) can be stored 
until the later period (t2 ) the maximum quantity of com-
modity available in t2 is equal to that produced in the later 
period (ONl ) plus that stored from the earlier period 
(OM) . (The quantity available for consumption in t2 
would also be ON2 if the resource service were stored until 
the later period.) Thus the possible intertemporal com-
binations of the commodity include (1) OM in tl and ONl 
in t2, (2) none in tl and ON2 in t2 or (3) anything between 
these two extremes. These relationships may be illustrated 
by possible alternatives in use of irrigation water to produce 
crops: (a) A given quantity of water might be used in each 
of two time periods to produce crops of wheat which were 
consumed when produced; (b) all or part of the wheat from 
the crop produced in tl might be stored until t 2 ; (c) all or 
part of the irrigation water available in tl might be, stored 
for use in t 2 • 
For commodities produced from a given stock of re-
sources, the intertemporal relationship is similar to that for 
stock resource services as illustrated in fig. 8, with one 
exception. The marginal rate of substitution between time 
periods may not be the same for the commodity as for the 
resource service. This situation is illustrated by fig. 9, in 
which AC represents a stock of a given resource available 
in two time periods, and AB represents the quantity of a 
consumption commodity that can be made available in the 
two time periods if all the resource is used up in period t l • 
The stock resource might be phosphate for example, and 
the commodity, wheat. If all the phosphate were used up 
in tl to produce wheat, some of the wheat stored until t2 
A 
t. 
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could be expected to deteri-
orate. With other resources 
and products, the reverse 
might be true. The trees in 
New England blown down 
by the hurricane of 1938 
represented a stock resource 
that deteriorated very rapid-
ly unless converted into a 
consumption commodity-
lumber. ' 
Fig. 9. Effect of resource use on pro-
duction opportunities in two time periods. 
INTERTEMPORAL CONSUMPTION RELATIONSHIPS 
Up to this point the discussion has considered intertem-
poral production alon"e. Attention is now turned to inter-
temporal consumption relationships. These are expressed 
by means of the conventional indifference curves and indi-
cate the various intertemporal combinations of products 
which make possible a given (equal) total consumer util-
ity.29 An acceptable hypothesis is that future and present 
goods substitute at diminishing marginal rates. This situ-
ation is expressed in the concavity and slope of indifference 
curve GH in fig. 11, the smaller the quantity of tl goods the 
greater the quantity of t2 goods necessary for their replace-
ment and vice versa. A concave curve is more realistic than 
suppositions in many expositions on interest and conserva-
tion that the total of goods in a future period is discounted 
by a given amount such as 5 percent. At some level of con-
sumption the consumer or society places an increasingly 
lower value on present (t1 ) than future (t2 ) goods and vice 
versa (apart from the length of the time periods). The 
slope of an intertemporal indifference curve will then de-
pend on two major factors: (1) the relative values which 
present individuals attach to their own consumption in dif-
ferent periods, and (2) the values which present individuals 
"Alternative hypotheses are offered in figs. 10 and 12. One unlikely possibillty 
Is that consumers do not discount future goods. In this case the intertemporal indif-
ference curve is linear (lF1 in fig. 10) Indicating constant marginal and equal abso-
lute rates of intertemporal substitution. A second unlikely possibility is that the con-
sUmer discounts the future but by a constant marginal rate (IF. in fig. 10). How-
ever. two units in t. are necessary to offset one unit In h. (Commodities stored or 
conserved from h to t. are discounted by one-half since OF. = 20F,.) The usual pro-
cedure of discounting the future by some given interest rate also assumes an indif-
ference curve. However. it assumes a constant marginal rate of substitution such as 
IF. in fig. 10. Too, it is obvious that an indifference curve of the nature of GH In 
fig. 11 also represents a discount of the future. 
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Figs. 10, 11 and 12. Nature of consumer-preference and time-indifference curves 
as related to conservation and inter temporal rate of resource Usc. 
attach to consumption by individuals of future generations. 
The latter is a question of the extent to which present gen-
erations value survival of future generations and the level 
at which they wish future generations to live relative to 
their own standard. In the analysis which follows an indif-
ference curve is employed of the nature indicated in fig. 
11.30 (The basic conditions of equilibrium would remain 
unchanged, however, if one were to employ the alternatives 
of fig. 10.) Also, a community or aggregative indifference 
curve is assumed. 
INTERTEMPORAL WELFARE 
Given the production and consumption relationships out-
lined previously, the rate of resource use which maximizes 
intertemporal welfare can be defined. First the three pro-
duction opportunities are examined separately as pure 
cases: products derived from stock resources; products 
derived from flow resource services and which can be either 
consumed currently or stored; products derived from flow 
services which cannot be stored. Later these unique cases 
are related to each other. 
""It is obviously true that the intertemporal utility surfaces 'are not identical for 
ali individuals. However, the notion of a community indifference curve is useful at 
this point and lead. through the same logic whether it is supposed that it (a) can 
be derived from heterogeneous individual curves: (b) is for a community of indi-
viduals with identical utility surfaces: or (c) represents a community of one indi-
vidual. It is "Iso likely that the individual's ex ante notion of his intertemporal indif-
ference curve differs from his ex post notion of this same relationship. Thus if eco-
nomic action is based on the ex ante indifference curve, total intcrtemporal utility is 
never maximized. This is a problem in consumer dynamics for which current economic 
theory provides few solutions. Without "solutions" here it is impossible to formulate 
a simple optimum time .. use of resources in the vein presented here~ 
It has been suggested to the writers that the Use of a "future discount" such as 5 
percent does not lead into the complexities of assuming a community indifference 
curve. This is not true. however. since even the notion of a discount society of 5 
percent doe. imply a community indifference curve (except that it is linear). 
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STOCK-DERIVED PRODUCTS 
For a society in which stock resources alone are available 
the conditions which define a maximum intertemporal wel-
fare are illustrated in fig. 12 where Y gX 3 represents the 
intertemporal substitution rates of goods in production 
while G1Hl and G2H2 represent different intertemporal sub-
stitution rates of goods in consumption (disregard the ordi-
nates 0' Y' and 0' X' at this point). G1H 1 represents a high 
(low) value attached to present (future) relative to future 
(present) goods while G2H 2 represents a relatively greater 
value attached to future goods. Intertemporal welfare can 
be maximized when the marginal rate of substitution of 
goods in consumption (indifference curve GlHl or G'.!.H2 ) 
equals the marginal substitution rates of goods in produc-
tion (transformation curve Y 3X 3 ). Geometrically, this is 
denoted by the tangency of the separate curves indicating 
production and consumption relationships.3l In respect to 
the intertemporal indifference curve GlHlo welfare is maxi-
mized over time by production of OY2 and OXl in the time 
periods tl and t2 respectively. The quantity Y 2 Y 3 (equals 
OXl if resources do not appreciate or depreciate over time) 
should be conserved. This is the economic level of conser-
vation. It can be defined in no other sense if the criterion 
is one of intertemporal welfare.32 For indifference curve 
G2H2 (a higher value on future consumption) OY1 should be 
consumed and Y1 Y3 (equals OX2 ) should be conserved in 
period tl if welfare is to be maximized over time. 
31Total welfare over the two time periods would always be less for any other COm-
bination of intertemporal products. Tangency of the two curves denotes a maximum 
utility: (1) An indifference curve indicative of a greater total utility over time 
would not be consistent (could not be attained) with the quantity of products pos-
sible (over the same time period) from the given deposit of resources. (2) An in-
different curVe v .. hich intersects (one lower relative to both the X and Y axes) the 
production curVe would represent a total utility less than could be attained with the 
given deposit of resources. This is evident from the fact that the consumer would 
always prefer (total utility would always be greater from) more rather than less of 
all products from all time periods. Accordingly, greater attainment of .. II can be 
realized by higher and higher (in respect to both the X and Y axes) indifference 
curves until the one which is tangcnt to the production curve is attained. Tangency 
of the two curves denotes equal slope and hence equation of the ratios of substitution. 
The rclev.ancc of production and consumption ratios are obvious: If (a) one unit of 
consumption in i1 (t2) gives as much satisfaction as two units in to (t,) and (b) 
sacrifice of one unit of production in tl (h) allows one unit of added production in 
to (tI) then (c) greater intertemporal welfare will be forthcoming by consuming the 
product (resource) in Ii (t2). If (a) one unit of consumption in tt is equivalent in 
utility to two units in t2 while (b) sacrifice of one unit of production in tt allows 
output of two un its in to then (c) total welfare will be as great by consumption of 
all in tI, all in t. or any "in between" combination. For detailed presentation of 
similar relationships which can be, transposed into those discussed here, see: 
noulding, K. Economic analysis, revised edition. Harper and Brothers, New York. 
1948. 
Hicks, J. R. Value and capital. Clarendon Prcss, Oxford. 1939. 
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FLOW-DERIVED PRODUCTS IN DIRECT CONSUMPTION 
Only one possibility exists in maximizing intertemporal 
welfare over time if flow resources alone are available. The 
flow-derived products must be consumed in exactly the 
proportion in which they are forthcoming. The slope of the 
intertemporal indifference curve has no relevance. An in-
difference curve with the slope of either G1H 1 or G2H 2 (fig. 
12) would denote the same intertemporal rate of use (OU 
in t1 and OV in t2) (fig. 6). The only economic question 
here is one of equating marginal cost (in terms of working 
capital and labor) with marginal return of utilizing the 
service in one period. 
FLOW-DERIVED PRODUCTS WITH STORAGE ALTERNATIVES 
A society falling within this pure case and attempting to 
maximize intertemporal welfare should always consume 
products during the period in which they are produced if 
the future is discounted by any amount whatsoever, as illus-
trated by fig. 7.33 Any indifference curve (denoting maxi-
mum utility) with a slope of less than 45 degrees (denoting 
a greater value on present than future consumption) would 
be tangent to the intertemporal opportunity curve (MPN2 ) 
~2'Onc additional point is of interest previous to our subsequent analysis. In terms 
of production relationships, the output of one period is not always competitive 
with that of another period eVen though the supply of resource services is of fund or 
stock nature. This possibility is illustrated by the production opportunity line (eM) 
of fig. 17. Here the greater the output in period ti, the greater also is output of a 
later period to. This possibility exists cspecially when we relax our conditions of an 
equal supply of working capital and labor. Extraction of increasing quantities of tbe 
stock resource deposits (even though tbese be the most productive or accessible) in t1 
which are not only consumed but also transformed into working capital, may make 
possible the extraction of greater quantities of resource deposits (even though they 
be less productive or accessible) in period h. Speeding up the rate of extraction in 
a current period simply makes possible a greater capital stock and thus an accel-
erated rate of withdrawal from the given resource fund at a later time. History is, 
of course, replete with examples of this kind. In agriculture, an exploitation of the 
soils by the pioneer made possible an increase in numbers of draft animals and 
tillage implements such that an even greater acreage could be cultivated and exploited. 
The same is still true to a wide extent, especially on tenant-operated farms. We can 
now :return to our Hone generation" consumption relationship and investignte the 
equilibrium level at which resources will be conserved (or conversely, exploited) if 
intertemporal welfare is to be maximized. Obviously, there can be no level of con-
servation which will maximize welfare over (the two periods of) time if production 
(exploitation) in t1 is entirely complementary with production (exploitation) in h. 
Total welfare over time will always be greater by withdrawing a greater stock of the 
resource dcposits in h. This is evident in the family of indifference curve suggested 
by fIJi and /,.,. representing increasing higher levels of total utility respectively. 
(The rate of substitution between goods consumed in the two periods is still at a 
diminishing rate. However, consumers can always attain a higher total level of 
utility by consuming more of all goods. Indifference curve 1,.,. represents a greater 
total utility than ['J,. The sum of the utility in the two periods will always be in-
creased by exploitation in h since production in t. is also greater, and a higher indif-
ference curve is always attained.) As long as intcrtemporal complementarity exists 
there is no economic limit to exploitation. Intertemporal welfare will always be in~ 
creased by extending withdrawal of resourCes in current periods. Obviously if the 
time periods are long enough, their products cannot be complcmentary. ' 
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at the point P (denoting consumption at the rate of OM in 
tl and ON! in t2). In order for future consumption to be 
increased at the expense of present consumption in this 
pure case, the indifference curve must have a slope of more 
than 45 degrees (in some range and of 45 degrees at the 
point of tangency) denoting a premium on future over pres-
ent consumption. Here societies of the present would an-
ticipate a greater future need (say, in case of war) or would 
prefer that (even without technological improvement) fu-
tUre generations live at a higher level than themselves. If 
the discrete periods are long enough it is possible that com-
modities (produced from flow services) cannot be stored 
into the next period. This is the case of agricultural com-
modities. Meat and other perishables can be withheld from 
consumption only for short periods and storage for grains 
and other staples is also limited. If the relevant time peri-
ods (tl or t2 ) are long enough, the category of flow-derived 
products which are storable become synonomous with flow-
derived products consumed as the resource service is avail-
able (pure case 2 above), and the problem is not entirely one 
of conservation (competition between time periods). 
Some commodities embody both flow and stock resource 
services. Widespread examples are in agriculture where 
crops draw both from the stores of chemical elements and 
the annual flow of sunshine and rainfall. In terms of pure 
analysis this hybrid case is still illustrated by two of our 
discrete and pure cases depending upon the limiting ele-
ments in production. If the flow resource is available in 
unlimited, and stock services are available in limited, quan-
tities, then solution is still in terms of 1 above. If flow 
resources are the limiting factor in production, the solution 
is given in Case 1 or 2 above. There are also other hybrid 
flow-stock situations more complex than those outlined here. 
POPULATION LEVELS, CHANGE AND OPTIMUM 
CONSERVATION 
Two categories of changes affect the level of resource use 
(conservation) which will maximize intertemporal welfare. 
These include changes in the intertemporal rates of substi-
tution of (1) goods in production and (2) goods in con-
sumption. Major forces altering the consumption substitu-
tion rates are changes in population and changes in tastes 
""Reference here is to the situation where the prodUct stored from period h does not 
grow but either remains constnnt or deteriorates in quantity. 
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(of given populations). The effect of changes in tastes (the 
relative rate at which future goods are discounted by a 
given population) are obvious.34 
Differences in population taken alone (in the absence of 
(1) changes in tastes or relative values of goods in various 
time periods and (2) changes in techniques) need not alter 
the level of conservation which will maximize intertemporal 
welfare. Suppose that two populations (one of N individu-
als ·and another of 2N persons) are possible. If the two 
populations place similar values on consumption in differ-
ent time periods, the slopes of their respective indifference 
curves will be identical and both must consume (conserve) 
products at the same rate to maximize utility (the transfor-
mation curve given). The 2N population will have only 
one-half as much product per person in anyone time period 
but its rate of use between time periods will coincide with 
that for the N population. 
Changes in the intertemporal rate at which goods in 
production substitute for each other are brought about 
mainly by improved techniques (including discoveries of 
new, or loss of existing, resource deposits). Changes in 
techniques may conceivably increase, leave unchanged, or 
decrease the rates at which resources are conserved (con-
sumed) between time periods. These three possibilities 
are illustrated geometrically in figs. 13, 14 and 15 respec-
tively where the axes represent the quantities of product 
possible from given stock resource deposits in periods tl and 
t2 • Fig. 13 is the commonly recognized case in which the 
new technique results in (changes in tastes or similar varia-
bles absent) a greater absolute level of consumption in both 
the present (td and future (t2) time periods. In our exam-
.ple, the relative mte of consumption is also exactly the same 
under the new (A'B') as under the old (AB) technique. The 
new technique indicates that, given a specific rate of use in 
one period, a greater product (quantity of resource services) 
is physically possible in another period. For example, con-
sumption at the rate of OY1 in tl would allow consumption 
only at the rate of OZI in period t2 under the old technique 
(AB). Under the new technique (A'B') consumption at 
the rate of OY1 in period tl will allow consumption at the 
rate OZ3 in period t 2 • Assuming no change in values at-
OlIn fig. 12. " change in tastes whieh increases the rate of substitution of future 
(to) for present (t,) goods would have the .ffecct of altering the intertemporal indif-
ference curVe from G,H, to G.H.. Accordingly. the level of conservation will in-
crease (from Y.Y. to Y,Y. in tt). A decrease in the rate of substitution of future 
for present goods (It shift from G.H. to Glll1) has the opposite effect. 
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Figs. 13, 14 and 15. Effeet of change in production opportunities OVer time on 
optimum rate of resource use and eonservation. 
tached to consumption goods of different periods (as denoted 
by identical slopes or marginal rates of substitution for in-
difference curves GH and G'H') total utility will be maxi-
mized (at a higher level) under the new technique only if 
the consumption ratio between the two time periods is 
exactly the same as undeli the old technique (OYI/OZI = 
OY2 /OZ2 ). This outcome holds true, however, only where 
the marginal rates of intertemporal substitution of goods 
in production are the same under the new as under the old 
technique (AB and A'B' have the same slopes). 
Figure 14 illustrates the case in which the new technique 
results in (1) a greater utility over time but (2) a greater 
absolute consumption in an early (t l ) and a lower consump-
tion in a later period (t2 ) (with no change in the slope of 
indifference curves). Under the old technique (AB) the 
level of conservation in tl which will maximize intertem-
poral welfare is OZ2' The optimum level of conservation is 
only OZI under the new technique (A'B'). Intertemporaf 
welfare is increased and maximized by present (t l ) con-
sumption at the sacrifice of future (t2 ), consumption only 
because the marginal rates of substitution of goods in pro-
duction have been altered in the favor of former time period. 
Figure 15 illustrates a case in which intertemporal trans-
formation ratios are altered in a fashion which increases 
and maximizes intertemporal welfare by expanding later 
(t2 ) at the expense of earlier (tl ) consumption. 
Other alternatives are that both future (tl ) and present 
(t2) consumption expand absolutely and either (1) tl con-
sumption increases relatively or (2) t2 consumption in-
Cl'eases relatively. In agriculture, such innovations as hybrid 
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corn change the transformation ratio toward the present 
and encourage increased yields and hence a greater soil 
exploitation relative to the future. Innovations such as 
improved terracing and forages tend to throw an advantage 
in the opposite direction. In extractive industries, innova-
tions which have greater application to easily accessible 
deposits have the effect of speeding up early as compared 
to later consumption. 
COMPOSITE SUPPLY OF STOCK AND FLOW RESOURCES 
Two pure cases of intertemporal production (joint prod-
ucts (1) in fixed proportion and (2) with a latitude of sub-
stitution) have been examined previously. Both categories 
of resource services exist side by side. An important prac-
tical economic problem is the extent to which flow resource 
services (flow-derived products) should be substituted for 
stock resource services (stock-derived products) in current 
periods in order that the latter might be conserved. This is 
partly the problem in the irrigation and reclamation proj-
ects of agriculture where there are alternatives of (1) 
exploiting the soil in developed farming regions now and 
initiating irrigation in undeveloped regions at a time when 
depletion and perhaps erosion has diminished the product 
from the former region or (2) develop irrigation projects 
at the present and save the chemical elements of developed 
regions for the future. These possibilities also exist in sub-
stituting electricity derived from water power for that 
derived from coal. 
The analysis which follows treats equilibrium of produc-
tion and consumption under the conditions of a supply of 
flow and stock resources in combination. It is retained as 
a pure case and hence is simply a variant of the situations 
already discussed. Presentation is abbreviated by means 
of the simple geometrics of fig. 16. 
First, refer to the oy and ox axes (independent of the 
OY and OX axes) which indicate the situation for stock 
resources alone. The transformation curve Y2X2, indicates 
the intertemporal production opportunities. Production can 
be, for example, at the rate of (1) 0Y2 in tl and zero in t2, (2) 
OX2 in t2 and zero in t l , or (3) any combination (consistent 
with the opportunity line 1hx2) between these two extremes. 
Given the intertemporal indifference curve GH, the opti-
mum rate (as denoted by tangency of GH and Y2X2) at 
which the product derived from stock resource should be 
consumed in tl is 0Yl if intertemporal welfare is to be maxi-
Y y 
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Fig. 16. (Left.) Summation of flow and stock resource services and optimum levels 
of conservation. 
Fig. 17. (Right.) Illustration of complementarity in production in two time periods 
as related to the intertemporal rate of consumption. 
mized. The product conserved in tl and consumed in t2 is 
YIY2. 
Second. consider the situation of flow resources alone 
and refer to the 0 Y and OX axes (disregard the oy and ox 
axes and any of the geometric figures which fall within 
these). The point 0 represents the availability of the flow-
derived joint products (fixed proportions) in the period tl 
and t2 • Only one intertemporal combination of products. 
OY1 in tl and OX1 in t 2• is possible. Irrespective of the slope 
of the indifference curve (the marginal rates at which con-
sumption goods substitute for each other between the two 
time periods), consumption must be at these rates for the 
reasons previously outlined. 
Finally. the products derived from stock resources can 
be added to those derived from flow resources. In refer-
ence to the OY and OX axes, the maximum supply of prod-
ucts available in period tl is then OY1 flow-derived plus 
Y1Ya (equals oy:J stock-derived product for a combined 
total of OYa• Similarly. the maximum supply possible in t2 
is OXl flow-derived plus XlXs (equals ox:!) stock-derived 
for a total of OXa• The composite intertemporal transfor-
mation curve is now Ya1hX!!Xa• The extreme consumption 
opportunities are (1) OYa (equals X 1Y2) product in tl and 
OX1 in t:! or (2) OXa (equals Y1x:!) in t!! and OY1 in t 1• 
Any intertemporal combination (indicated on the transfor-
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mation curve) between these extremes is possible but it will 
always include a flow-derived component of OYl in tl and 
OXl in t2 if welfare is to be maximized. 
What rate of consumption (of (1) total product and (2) 
stock-derived product) in each time period will maximize 
intertemporal welfare when flow and stock resources are 
considered jointly? Let GH (relative to the OY and OX 
axes) indicate the intertemporal substitution rates for con-
sumption goods. Thus we assume no change in the mar-
ginal intertemporal rates of substitution of consumption 
goods but GH now represents a greater total utility (than 
in previous employment of GH relative to the ox and 0Y 
axes for stock-derived products alone). Maximum inter-
temporal welfare is again indicated in fig. 16 by tangency of 
GH and YaY2X2Xs denoting a total consumption in tl of OY2 
composed of OYl flow-derived and Y 1Y 2 (= 0YI) stock-
derived products. The optimum level of conservation of 
stock-derived product in tl is thus Y 2Y S (= YlY2)' 3u Given 
identical slopes of the indifference curves, the level of con-
sumption of stock-derived products in any time period will 
be the same regardless of the supply of flow-derived prod-
ucts. (The level of conservation of stock resources will be 
the same in fig. 16 regardless of whether the annual stream 
of flow-derived products is zero or OYl (= OXl ) .36 
""Consumption of flow-derived products will never be less than OY1 in it and OX. 
in t. since any indifference curve regardless of its slope (or the discount of future 
goods) which intersects the Yoy. or X.y. portion of the intertemporal transformation 
curve Y,y2X,X. indicates a smaller total utility than is possible. Any indifference 
curve which does not represent a complete discount of either it or t, goods could only 
intersect (could not be tangent with) these portions of the transformation curve. 
'"'An added alternative is that the slope of the intertemporal indifference curve 
does change (changes in tastes or utility surfaccs still absent) the greater is the total 
of goods available or utility possible (and hence the higher the indifference contour 
that can be attained on the total utility surface). If moving to an indifference 
curve higher on the total utility surface has the effect of increasing the rate at 
which future goods (t.) substitute for present goods (tIl (increases the slope of the 
indifference curve toward the t2 axi.). a form of substitution will take place when 
the supply of flow-derived products are added to the fund of stock-derived products. 
The higher utility contour will be attained by increasing consumption of flow-
derived products and decreasing consumption of stock-derived products in period 
t1 (since an indifference curvp of greater slope than GH in fig. 11 would be tangent 
to the Y2X2 portion of the combined transformation curve at a consumption in h 
. indicative of less than oyt stock-derived products). It follows that an increase in the 
absolute quantity of stock-derived products would thus be c<)nserved for consumption 
in t2. The same qualification. applies to earlier ann,lyses of stock-derived products. 
Although two populations of Nand 2N might place identical values on products of 
different time periods (be made up of equal proportions of individuals with identical 
utility surfaces), the 2N population will be on a lower utility contour (since it has 
only half as many resources per person). The lower the contour is on the total 
utility surface the greater is its slope in the direction of It products; the optimum rate 
of conservation (consumption) in It will be lewer (greater) for the 2N than for the 
N population. The same variations apply in the case of changes in techniques 
where higher utility contours arc attained. Conservation of stock-derived products. of 
course. will shift in the opposite direction if higher indiffcrence contours (on the 
total utility su~face) are associated with a greater slope toward the It axis. 
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SUBSTITUTION OF FLOW AND STOCK RESOURCE SERVICES 
Previous discussion has assumed that the basic stock of 
resources (which serve as raw materials from which prod-
ucts are derived) were the limiting factors' in production. 
The quantity of capital and labor available for transform-
ing (basic stock and flow) resource services was considered 
great enough to allow an output of flow-derived plus stock-
derived products in tl or t2 indicated by the transfor-
mation curve Y3Y2X2X~ (the transformation curve rep-
resents the totality of opportunities including limita-
tions of labor supply and the basic resources from which 
either working capital might be fashioned or consumption 
goods derived). Now suppose that the quantity of work-
ing capital and labor is limited to the extent that attain-
ment of the combined (flow-derived plus stock-derived) 
output indicated by Y3Y2X2X3 is impossible in the relevant 
total period. Suppose, for example, that if the output of 
flow-derived product is OY1 (OX1 ) in tl (t2 ) the limited 
supply of working capital and labor restricts output of 
stock-derived products to less than Y1 Y2 (X1X 2 ). The sup-
ply of basic (flow and stock) resources of raw materials is 
not then the limiting factor in maximizing welfare over the 
total time span T (= tl + t2)' Instead the limiting factor 
is the supply of working labor and capital. 
Timing of production is not then a central problem in 
maximizing welfare in the total time span (T). The crucial 
problem is the extent to which the given stock of labor and 
capital should be allocated to production of stock-derived 
as compared to flow-derived product in any single period 
(tl or t2)' The solution lies, of course, in equating the mar-
ginal productivities of labor and capital when allocated be-
tween the two alternatives of flow-derived and stock-
derived products. 
An important substitution problem arises out of dynam-
ics and anticipation.37 The possibility always exists that a 
society will be called upon to draw heavily and rapidly upon 
its resources in case of future emergency. Availability of 
resource services which can be converted to product in a 
short-time span is thus important. Conversion of the given 
stream of flow services cannot be speeded rapidly. Hence 
37Actually. the rrol problems of conservation lie in the field of dynamics and antici-
pations. This analysis like that of others (Reder. Melvin L. Studies in the Theory 
oC Welfare Economics. Columbia University Press, New York. p. 33-34. 1947) over-
simplifies the problem by reducing time to static treatment of variables. Anticipa-
tions, the important framework within which decisions must be made, are hardly 
considered. Until there is a more nearly adequate set of dynamic tools. the important 
problems oC conservation will go unflPlved. 
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a premium may be placed on retaining (building up) a 
storage of stock resources (services) which can be con-
verted to product on· short notice. This may be accom-
plished by substituting flow for stock resource services in 
production of current consumption goods. A sacrifice or a 
cost thus occurs in the present if the working capital and 
labor employed in converting the raw materials into prod-
uct has a lower productivity if the source is flow rather 
than stock resources. The loss in welfare is also for all time 
should the eventuality fail to be realized. However, the 
cost is one of flexibility and is not only consistent with (1) 
an ex post maximization of welfare if the eventuality occurs 
but also with (2) an ex ante anticipation of welfare maxi-
mization even if the eventuality does not occur. 
INTERGENERATION WELFARE 
Existing economic tools cannot be used to formulate a use 
of resources which will maximize intertemporal welfare 
beyond one and over all generations in time. The analysis 
outlined above can apply only to a generation. This is true 
because of the impossibility of interpersonal utility com-
parisons. Obviously, the problem of interpersonal utility 
comparisons exists and is accentuated between generations; 
comparisons cannot be made in consuming a unit of re-
sources between an individual of an existing generation and 
an individual of a discrete generation 200 years hence. 
Although interpersonal utility comparisons are impossi-
ble at a given point in time (within a generation) an opti-
mum allocation of production and consumption over time 
can be formulated if objective means exist whereby each 
individual can express his relative values. In a democracy 
the mode of expression is provided in voting through either 
the price mechanism or the ballot system. In this sense 
reflection of a community indifference curve of the nature 
suggested by GH in fig. 11 is possible for a single genera-
tion. Expression is in the structure of market prices and 
in the legislation of the society. This utility expression or 
comparison is impossible, however, between distinct genera-
tions. An individual of a generation 200 years hence has 
no method of expressing his intertemporal indifference 
curves; he can vote neither through the market mechanism 
nor the ballot system. The welfare of a future generation 
(gn) stands to be greater had not X increment of stock 
resources been consumed by an earlier generation (gn-lOO). 
The marginal utility derived from consuming the increment 
X might well be greater for generation Un than for genera-
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tion gn-IOO and vice versa. The impossibility of interper-
sonal (intergeneration) utility comparisons excludes proof 
that either holds true. 
OPTIMUM LEVELS AND INTER GENERATION COMPENSATION 
Modern welfare economics handles the problem of (ina-
bility to make) interpersonal utility comparisons at a given 
point in time by the principle of compensation. Two gen-
eral types of economic reorganization are recognized (1) 
those which increase the total utility of some individuals 
without decreasing the total satisfactions of other individ-
uals and (2) those which increase the total utility of some 
individuals but at the same time decrease the satisfactions 
of the other individuals. Social welfare increases under 
the second type of reorganization only if the increment in 
utility to the recipient group is greater than the decrement 
in utility to the sacrificing group. Because of lack of inter-
personal utility comparisons, however, increased welfare 
can be guaranteed only through the principle of compensa-
tion; those who originally sacrificed as a result of the reor-
ganization must be provided with compensation to com-
pletely redress their loss while the welfare of recipient 
groups must increase. ' The problem of intergeneration con-
servation is identical with the elements outlined above: (1) 
Conservation relates to a reorganization which improves 
the utility position of some persons (generations) but less-
ens the utility position of other persons (generations). 
(2) Intergeneration (and hence interpersonal) utility com-
parisons are impossible. ' 
Accordingly, cannot the principle of compensation be 
applied to guarantee that while some generations will be 
made better off, no generation will be worse off and, ac-
cordingly, an increase in intergeneration welfare is guaran-
teed? The answer is negative' under specified conditions.s8 
Compensation to a present generation for a greater level of 
conservation can be made only through use of the very 
resources which otherwise are to be conserved. An incre-
ment in conservation by X quantity of resources (beyond 
that which defines the optimum for the current generation) 
""These conditions are (1) the intertemporal joint products are competitive (arise 
from stock resources in the sense that the grooter the quantity used in one period. 
the smaller the quantity available in another period), (2) the most efficient techniques 
of transforming rc!:'ources into services are employed, (3) the existing level of resourCe 
consumption is the one which expresses the current generation's optimal position 
(tangency of the intertemporal product substitution curve and the current genera-
tion's intertemporal indifference curve-including the value which the existing gen-
eration places on varying levels of consumption by future generations) and (4) the 
particular conditions of equilibrium mentioned later in the study are attained, 
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would require use of the same X quantity of resources for 
compensation were the present generation to be left as well 
off as previously.' In this vein conservation compensation 
is impossible for an intergeneration society. 
What, then, is the optimum level of conservation for an 
intergeneration society? Existing scientific logic can only 
state this: The optimum level of conservation is what each 
succeeding generation thinks it to be (including the relative 
value placed by the current generation on consumption for 
future generations). The values of discrete generations 
cannot be linked together ex ante into a single index for all 
time to give one optimum level of conservation for eternity. 
In this vein, the level of conservation which is ideal or opti-
mum changes with the values of each succeeding generation. 
If today's generation chooses to be spendthrift and squander 
resources at the expense of consumption by future genera-
tions, the level of conservation expressed is the optimum at 
the time and through eternity as far as can be determined 
by existing tools of science. If tomorrow's generation 
chooses to be misers, merely subsist and hoard resources 
which are then used for luxury consumption by a succeeding 
generation, existing economic tools cannot defy that the 
level of conservation is optimum and that welfare has been 
maximized between generations. 
INTRAGENERATION RELATIONSHIPS AND' COMPENSATION 
Thus far we have referred to a community intertemporal 
indifference curve (GH in fig. 11). Use of this aggregative 
relationship, even for a single generation, must recognize 
that this community indifference curve must be regarded, 
however, as a composite expression of the intertemporal 
substitution rates for many individuals. Accordingly, the 
particular conditions of equilibrium are outlined which 
must exist in order that a community indifference curve be 
reflected in some sense and in order that intertemporal 
equilibrium be attained. Reference is to a single generation. 
At least two important conditions must be attained be-
tween particular units before aggregate intertemporal in-
trageneration welfare can be maximized. (1) The marginal 
rates of inte1·temporal substitution of consumption goods 
must be equal for every pai1' of individuals. Intertemporal 
welfare can be increased by conservation of a unit of prod-
uct from an earlier (tt> to a later (t!l) time period by trans-
ferring consumption from one individual (A) in the early 
(t I ) time period to another individual (B) in the later (t2 ) 
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time period if the decrement in utility to the former (A) is 
less than the increment in utility to the latter (B) .39 Here 
we assume that both A and B live in the generation marked 
by the total time span T (which is a sum of tl and t2). (2) 
the marginal rate of intertemporal substitution of goods in 
production must be equal between every pair of specific 
resources. The (product from) various classes of resources 
(within the over-all category of fund or exhaustible re-
sources) must be related in establishing the optimum level 
at which each particular class should be conserved. It is not 
a sufficient condition that coal be used up in one period and 
p-etroleum be largely conserved until a later period or that 
one soil type be exploited in one period while a substitute 
soil type be reserved as a later replacement. The ratios at 
which (products from) each particular resource substitute 
over time must be equated.40 
Two possibilities again exist in attaining these condi-
tions : (1) Certain reorganizations of production increase 
the product for all time periods and all individuals (espe-
cially in some parts of agriculture where readaptation of 
the management program increases both present and future 
"Similarly. intenemporal welfare will be increased by lowering the le"el of conser-
"ation if the utility gained by A for a unit of goods consumed in h is greater than 
the utility of a unit consumed in t. by B. The optimum level of conservation is at-
tained only when no more such transfers which will increase Intertemporal welfare 
are possible. Further. these same conditions for optimum le"els of conservation must 
hold between indi"iduals e"en if direct consumption does not take place within the 
time period in which either Ii"es. Suppose here that t. is a period which coincides 
exactly with the life of both A and B: Neither can consume directly a unit of product 
conserved until to. However. if the increment In utility B indirectly derives from 
knowledge that a unit of product will be available in t. for an individual (0) of a 
later generation is greater than the utility A derives from direct consumption of the 
quantity in t., conservation of the unit should take place if welfare is to be maxi-
mized. 
This optimum can be defined (with proper interpretation of the relationships and 
ordinates) in fig. 12 if G.H. is taken as the indifference curve of individual A r.md 
Y.X. represents the (observed) indifferencce curve of B (relative to the O'Y' and 
O'X' axes). Here tangency of the two expresses the optimum rate (equation of 
intertemporal rates of suhstitution b(>tw~cn individuals) at which products should be 
consumed by both individuals in hand t.. Individual A should consume OY. product 
in t. and OX. In to. Individual B should consume O'Y' in hand O'X' in t •. 
'.If (a) use of (the product from) one unit in t. requires sacrifice of two units of 
resource K (growing timber in period t. while (b) use of (product from) one unit 
in h requires sacrifice of only One unit of resourCe L (building stone) in period to, 
the nature of intertemporal substitution is clear. (The examples assume certain con-
ditions in respect to quantity of both specific resources and working capital but 
which are not enumerated for lack of space.) Resource L should be used in h (in a 
magnitude to replace the quantity of K which might otherwise be used) while K is 
conserved until period t.. Conversely. if (a) conservation of One unit until to re-
quires sacrifice of two units or resource K In period tt and (b) conservation of one 
unit until t. requires sacrifice of only one unit of resourcce L in period t1. then K 
should be used in t. and L should be conserved until t.. (K may be a soil for which 
erosion or leaching is extrenlely rapid while L is a stable soil, or K may be natural 
gas that might otherwise escape while L is coal.) 
These equilibrium conditions can also be Illustrated in fig. 12 by letting YaX. repre-
sent the intertemporal transformation curve for (the product from) K type resource 
and G.H. suggest the (obverse) opportunity curve for (the producct from) L type 
resource. Marginal rates of intertemporal substitution are equated and maximum 
welfare is possible with consumption of OY. of K and O'Y' of L in period tt with 
conservation of OX. of K (derived product) and O'X' of L (derived product) until 
period to. 
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output and income). Here an improved position (utility) 
of each individual within a generation (A and B) and be-
tween generations (C as well as A and B) can be guaran-
teed. Two types of social action are justified here (since 
an improved position of all individuals and hence a greater 
total welfare is given) such as education to stimulate, or 
direct legislation (police power) to effectuate, the readapta-
tion. (2) Other reorganizations may lessen the welfare of 
some (A) while increasing that of others (B or C). Since 
interpersonal utility comparisons are impossible, a greater 
total welfare cannot be guaranteed by simply transferring 
resources to an intertemporal use which will conform with 
one individual's (B) as compared to another individual's 
(A) preferences. The transfer must guarantee that no one 
is left worse off. This can be accomplished, in the lack of 
interpersonal utility comparisons, only through compensa-
tion from individual (B) who prefers more to the individual 
(A) who prefers less conservation. Increased welfare can-
not generally be guaranteed by police power alone which 
forces readaptation in intertemporal resource use (in the 
absence of compensation). Compensation, however, is con-
sistent with a greater total welfare if it allows the individ-
ual (A) who prefers early consumption to maintain current 
levels of consumption at the expense of the other individ-
ual's (B who prefers conservation) consumption in the 
same period. Indirectly this means that B must transfer 
part of his current consumption to A in order that A can 
conserve his resources and hence increase B's utility through 
the latter action (knowing that they will be available for a 
later generation, etc.). Directly, it is simply B who must 
curtail current consumption if we are to accept the doc-
trines of modern welfare economics. 
The analysis above focuses on the consumer relationship 
as it should. Discussion of conservation and policy has cen-
tered largely around the producer (as the relevant con-
sumer). It is not uncommon to hear both scientific and 
layman discussions wherein the producer (farmer, petro-
leum extractor, coal miner) is criticized because he "ex-
ploits his resources now." Yet the critic as a consumer goes 
home and orders (places a relatively higher price on) corn-
fattened beef instead of lower-grade, grass-fattened mut-
ton; a petroleum-burning automobile instead of a bicycle, 
or coal for a fire rather than wool clothing for warmth. 
(The preferences expressed verbally are not consistent with 
those expressed price-wise.) Emphasis on the producer 
(always as the relevant consumer) instead of on the con-
sumer apart from the producer, throws the problem entirely 
out of perspective. 
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STEPS NECESSARY TO MAXIMIZE INTERTEMPORAL 
WELFARE 
The logical foundation which has been laid in preceding 
sections suggests that certain information and steps are 
necessary to determine and attain a level of· conservation 
which will maximize intertemporal welfare. These include: 
.(1) a detailed inventory of the stock and the flow of each 
particular resource and the aggregate of all resources. This 
inventory is necessary to indicate the nature of the inter-
temporal opportunity curve (to indicate, for example, 
whether it is of the nature of AB or A'B' in fig. 15. (2) The 
present rate at which resources are being used should be 
determined (to indicate, for example, whether it is OY2 or 
OY1 in fig. 15. (3) The relative rate at which each indi-
vidual resource is being or can be used should be established 
and a pattern of conformity established for these rates of 
intertemporal use (to equate intertemporal transformation 
opportunities). (4) The nature and extent of future emer-
gencies (including the possibility of a decline in technologi-
cal advance) should be estimated, and plans established for 
building reserves of stock resources (and for substitution 
of flow for stock resources in current consumption). (5) In-
formation should be carried to each individual of society 
indicating the size of resource stocks and their current rate 
of use, and the attendant implications for future genera-
tions. (The purpose here is not one of forcing values upon 
individuals but of providing information so that, given the 
"facts," individuals can more nearly conceive their own 
values.) (6) Direct machinery should be devised whereby 
individuals can express their relative values on the inter-
temporal rate of use. (7) Compensation and other measures 
should be activated on a scale which will insure the level of 
conservation which society deems optimum. 
